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PREFACE 


A thorough discussion of the principles which control the 
engineer, the economist, the assessor and the business man 
in making valuations will not be attempted in these pages. 
This book is the result of personal contact with the valuation 
problem. No apology need be made for the fact that, in pre- 
senting an original analysis of the problem, the arrangement of 
the material is not always as logical as might have been ex- 
pected if the present state of the art only had been brought 
under review. Special consideration has been given to a dis- 
cussion of the non-agreement of the actual life of articles which 
have a limited period of usefulness with their probable or normal 
life. The effect of this non-conformity has been studied by 
the author and the results have been thought worthy of a special 
chapter. These results show that there is great advantage in 
adopting, instead of present value,” a rate-base without deduc- 
tion of depreciation, which will include but little, if anything, 
other than legitimate and properly estimated cost as the start- 
ing point when rates are to be fixed. He therefore recommends 
for the thoughtful consideration of the student, the method of 
procedure which he has named the Unlimited Life Method and 
which is herein fully explained. The author feels, too, that 
the owner of a public utility is, generally, entitled to larger 
earnings than will yield a bare interest return on the invested 
capital. Volume of business transacted and also the unearned 
increment should, sometimes, be taken into account when 
estimates , are made of the earnings that may with propriety be 
allowed. Such matters as these have received attention and 
it is hoped that some of the ideas that are herein advanced may 
stimulate further thought along similar lines and may, here and 
there, prove helpful to those who have appraisals to make or 
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PREFACE 


rates for an output or for a service to establish. Careful at- 
tention has been given to the fundamental principles which 
should control when appraisals of public utilities are made for 
rate-fbdng purposes and their practical application is explained. 

The tables which are presented in this volume are intended 
to meet the needs of valuation engineers, but will also be found 
useful by any one having problems of finance and bonding to 
solve. They are based throughout on original calculations. 
Those relating to replacement requirements and to expectancy 
are of a novel type not to be found elsewhere. Special care has 
been taken to secure accuracy and convenient arrangement. 

Acknowledgment is due to the office staff of the American 
Engineering Corporation the members of which have assisted 
in the preparation of the tables. 

C. E. GRUNSKY, 

San Francisco, Cal., 

February ist^ 1916. 



ABBREVIATIONS AND NOTATION 


Amort. — Amortization. 

Ann. = Annual. 

Beg. = Beginning 
Eq. = Equal. 

Payt. = Pa3ment. 

A = the annual replacement requirement for each dollar of capital invested 
annually in a growing plant. 

Am = the accrued amortization in m years when the annual amortization in- 
stallment is a and the interest rate is i 

A' = the amount of $i.oo at compound interest at the end of the nth year 
at the interest rate i. 

.4" = the amount of an annuity of |i oo paid at the end of each year at com- 
pound interest at the interest rate 

On — the amortization installment which must be invested annually, in 
order to amount at compound interest to $ioo in years. 

an = the annual installment which at compound interest at the rate i •will 
amount to $i oo in n years 

= the annuity receivable at the end of each year which $i.oo will buy 
for n years. 

Om == the current amortization in the mh year, the amortization incre- 
ment a plus interest on the amortization fund already accumulated. 
It is the amortization installment which in the remaining years of 
life will retire the remaining capital. 

C == cost of replacing a group of articles. 

c = the annual renewal requirement for a groupw of articles whose cost of 
replacement is C. 

e = expectation, that is the probable remaining years of usefulness of any 
article whose probable life new was n years. 

e' = relative expectancy of an article whose probable life new is lo years 
when compared with an article m years old whose probable' life new 
is n years. 

g = the average annual investment in additions to a plant. 

i — the rate of interest per year expressed fractionally — thus for 6 per 
cent, i = o.o6. 

m = SL number of years. 

m' = relative age of an article whose probable life new is lo years, when 
compared •with an article m years old, whose probable life new is n 
years. 
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ABBREVIATIONS AND NOTATION 


^ = the probable life term in years of any article, or the term of amorti- 
zation. 

P = the present value of $i.oo due at the end of n years. 

P' = the present value of an annuity of $i.oo receivable at the end of each 
year dunng n years. 

R = amount in the replacement fund expressed in percentage of the original 
investment. 

S = the sum of all annual replacement requirements estimated for a number 
of articles of various ages 

Sn - the sum of all annual replacement requirements during n years. 
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CHAPTER I 

INTRODUCTION AND GENERAL NOTES 

Conflicting Views Relating to Procedure. — The need of har- 
monizing the conflicting views relating to the best methods of 
dealing with the establishment .of rates that are to be charged 
by public service corporations for the service which they render 
or for the commodity which they supply is recognized by econo- 
mists and engineers. This need is the more pressing in view 
of the fact that the public, in exercising control over the opera- 
tion of the utility through properly constituted authority, may 
and no doubt frequently has established onerous and burden- 
some regulations, resulting at times in the confiscation of prop- 
erty. At any rate the limitations relating to permissible charges 
have frequently been such that the question of the reasonable- 
ness and sufhciency of these charges has been taken into court 
and the courts have reached certain conclusions from which 
there is apparently no appeal but concerning some of which 
the wisdom of permanent enforcement may well be called in 
question. 

Rapid progress is being made in recognizing the fundamental 
principles which should control when an appraisal of public 
service properties is to be made as a basis for the establishment 
of rates for service rendered. This subject is, however, today 
still in a controversial stage. The assembling of facts relat- 
ing to such fundamental principles as will be of service to the 
appraisers of operating plants of any character, whether used 
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in the public service or not, is the task which was set in under- 
taking the preparation of this volume. It is hoped that the 
same will fill the gap for a time until wider experience of the 
valuation experts shall have eliminated the involved and ofttimes 
useless procedures which are still in practice and explanations 
of which have, therefore, been included in the text. 

The Public and the Owner. — The question may well be 
asked whether the reformer, who has been seeking protection 
against the demands of the trusts and corporations which have 
frequently been guilty of over-capitalizing, has not in his turn 
gone too far in the endeavor to reduce the earnings of the cor- 
poration-owned public utilities. The public has demanded and, 
in some measure, has obtained, from various rate-fixing bodies, 
and from the courts, the introduction of methods of procedure 
that are not always equitable, but the baleful effects of which 
are slow in becoming manifest. There has, for example, been 
no little confusion in the matter of defining depreciation and 
not a few valuation experts have had difficulty in grasping the 
fact, which when once recognized seems fundamental, that the 
repayment of capital (amortization), is one thing and that the 
making of provisions for the replacement of worn-out or dis- 
carded parts at the end of their term is another thing. 

It is fundamental that the owner of a public utility should be 
allowed: 

а. To obtain, sooner or later, a reasonable return on his 
investment. 

б. To recover at some time the capital invested for the public 
good. 

c. To reap a suitable reward for establishing and managing 
the enterprise. 

It is the knowledge that these principles have obtained uni- 
versal recognition which prompts the capitalist to embark upon 
such ventures as those known as public utilities. 

Control of Public Utilities a Recent Innovation. — Until within 
the last few decades the control by the public of the operations 
of the public utility concern has generally been so loosely ex- 
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erased that the margin for a possible profit was large; regula- 
tion was more or less perfunctory and, very frequently, due to 
the imperfect knowledge of the problem, neither the owner of 
the utility nor the rate-payer knew whether the earnings were 
deficient, reasonable, or excessive. The recent tendency of the 
public to insist upon its right to control and the attempt to 
make a close study of what would in each case be reasonable 
earnings has stimulated the work of the economist and the 
valuation engineer and has led to a consideration of many new 
phases of an interesting subject. 

Prof. John H. Gray in an address before the Economic Club 
of San Francisco on July 28, 1914, in presenting a historical 
survey of public utilities said: 

'^We have very recently entered upon the experiment of 
administrative control through* central commissions. But we 
have failed entirely to grasp the significance of the problem, or 
the steps necessary to solve it, if we fail for a moment to re- 
member that until the establishment of the Board of Gas Com- 
missioners in Massachusetts, in 1885, no industries, save that 
of transportation, were classed as utilities, and that the other 
states have been very slow to follow the lead of Massachusetts 
in this matter, in fact, it is only within the last decade that 
the problem may be said to have been taken up seriously by 
the country as a whole. That is altogether too short a time to 
adjust the law, the theories, or the practices to the economic 
needs and conditions of the situation. Much more is it too 
brief a period in which to have modified to any considerable 
degree the pioneer philosophy that still dominates the private 
owners of these industries. 

^^The scientific theory is that the utilities should render 
adequate, safe, and universal service, at just, reasonable, and 
fair prices to all, and that the sovereignty shall be the final 
judge in every case of these matters. This statement implies, 
of course, that the total gains or rewards of the owners shah be 
reasonable under all circumstances, including that of virtually 
guaranteed monopoly, and that they shall have just compen- 
sation in case of expropriation.” 

Fundamental Principles Apply to Industrial Establishments. 
— The work which has been done in studying the fundamental 
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principles looking to the fair treatment of both the rate-payer 
and the owner has also been of benefit in a large way to the 
factory, and to all the great industrial establishments of the 
country, because it points the way to a closer approximation 
of the actual cost of production, thereby establishing a better 
basis for fixing the sale price of the output. 

The discussions in the following pages are necessarily directed 
mainly to the valuation of public service properties and to a 
discussion of the procedure to be followed in determining what 
are reasonable earnings, but the general fundamental principles 
are equally applicable to the private concern. 

Value must be ascertained when the ownership of property 
is to be transferred from one person to another as in the case of 
a sale; it must be ascertained when the property is capitalized 
as a basis for the issuance of securities, and, too, for taxation 
purposes. When rates or prices to be charged for service or 
commodity output are to be fixed, it is necessary to know the 
amount of capital which is properly invested — to know, in 
other words, what the amount is which should be taken into 
account as a rate-base.” 

Depreciation and Withdrawal of Capital. -r- The practice is 
altogether too common of treating every earned depreciation 
allowance as equivalent to a withdrawal of invested capital 
and of assuming that any of the various methods of estimating 
present value are equitable, regardless of the past history of 
the plant under investigation. So, too, there is sometimes a 
too rigid construction of the generally recognized requirement 
that only those parts of a property which are actually in use 
or which are useful elements are to be considered in valuing the 
property for rate-fixing purposes. This has occasionally worked 
a hardship upon the pubHc service corporation and may there- 
fore be regarded as one of the factors which have caused a de- 
mand for large allowances for all kinds of intangible and more 
or less indefinite elements of value to offset losses and unpro- 
ductive investments. 

Every private industrial establishment, too, has its depreciation 
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problem to deal with. Depreciation enters into the cost of pro- 
duction and must be covered in the sale price if there is to be 
any profit. The cost of the perishable parts of the plant which 
are consumed, just as fuel is consumed though at a slower rate, 
must be recovered sooner or later. 

Definition of Terms. — The definitions of terms, herein pre- 
sented, relate to the sense in which these terms are used in this 
volume. There is not yet any perfect agreement among en- 
gineers and accountants relating to all of these terms and, , as 
time goes on, some modification of terms or of the definitions 
of terms is to be expected These definitions are therefore 
offered with due appreciation of the fact that some of them may 
not survive and that others remain subject to modification. 

The Agency Theory. — Every owner of a public service prop- 
erty is in a certain sense the agent of the rate-payer. If re- 
garded as such agent he is under obligation to render the service 
which he has engaged to perform in a satisfactory manner; he 
is entitled to protection against unreasonable competition, and 
he is entitled to protection of his investment, provided, of course, 
that the investment is a proper and reasonable one There may 
be some cases, however, where unwise investments have been 
made, and others where part compensation for making the in- 
vestment has been found in the increased value of real estate 
or other property, perhaps not connected with the utility but 
owned by the same individuals who own the utility, and in such 
cases the value of the service rendered to the public may bear 
an unusual relation to the investment. 

Thus an irrigation canal, which was constructed to develop 
a region of little or no value without water, when considered by 
itself, apart from the land which it irrigates, may have cost so 
much that the service charges caimot be made high enough to 
yield a revenue on its cost. And yet the canal was justified, 
though perhaps not as a separate venture. In such cases a 
transfer of the canal to the land owner would be appropriate 
in order that the question of a reasonable return on invested 
capital might be eliminated, or as an alternative a bonus charge 
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against the land whether under this name or under the name 
of water light,” or otherwise, might be agreed to, such that 
the capital remaining in the canal enterprise, as a proposition 
apart from the land, would be reduced to a reasonable amount. 
If neither of these alternatives are adopted the canal venture 
may be permanently unprofitable, from the standpoint of present 
owners. This wiU be the case when the rates that would yield 
interest on the investment are in excess of the value of the 
service rendered and cannot be supplemented by a participa- 
tion of the canal owner in the unearned increment which the 
construction of the canal has brought to the land owner. 

As another illustration a railroad may be considered which 
was primarily constructed for the development of a tract of 
land or for the development of mineral or timber resources. 
There can be no question that? when considered from the broad 
standpoint of the advantage to society the construction of a 
railroad under such circumstances may be justified. When this 
railroad begins to serve the public and the freight tariff and 
passenger rates are to be fixed, these may have to be established 
on the basis of the fair value of the service rendered without 
any attempt to make the earnings yield interest on the capital 
invested in the road, or suitable consideration may have to be 
given to the fact that a part of the investment was made for 
the benefit of some special enterprise such as a rock quarry or 
a lumber business and should not have been charged to the 
road at all. 

These limitations upon the use of an appraisal as an element 
for consideration in fixing rates are fully recognized, but these 
and other limitations are not such as to detract from the de- 
sirability of referring to and using appraisals under ordinary 
circumstances. 

Basis for Sale Price — Business Enterprises. — Everyone 
who engages in a business enterprise must know: 

The cost of the article in which he deals at the time the article 
is sold. 

The cost of the plant such as buildings, roads and equipment 



INTRODUCTION AND GENERAL NOTES 7 

which are necessary to manufacture or to care for the article 
pending the time of sale. 

The operating costs of the business. 

The depreciation of the plant or the replacement require- 
ments thereof. 

The profit which it is desired to make. 

When these elements are known and a proper analysis of 
operating cost has been made the prudent business man will 
distribute his fixed elements of cost, such as management, de- 
preciation and the like with a view to making the price of the 
article or the charge for the service which he renders, attractive 
to his customers. 

In a large machine works where the charges for repair work 
appeared unusually high, it was found upon investigation that 
overhead expenses were unequal^ distributed to new and to 
the repair work. This was done in order that new work which 
had to be obtained in competition with other concerns could be 
taken at lower figures. While this is only an isolated example, 
it shows the importance of being in a position to analyze costs 
in order that charges may be fixed low enough to secure business 
and yet high enough to yield an adequate profit. 

Reference to the Tables in this Volume. — As an aid to the 
appraisers of industrial and public utility properties, this volume 
would fail in its purpose without tables containing information 
relating to the probable term of service and the expectancy of 
the articles in common use in such establishments or plants and 
also interest and annuity, amortization and depreciation tables. 

The amortization and depreciation table not only covers a 
range from 2-year life to 75-year life, but it has been so arranged 
that the remaining years of service, instead of age, can be made 
the starting point when it is desired to enter the table for present 
value and the so-called current rate of depreciation. 

While such tables and explanations as are furnished in this 
volume are generally applicable they have been prepared, as 
stated, with special reference to the requirements of appraisers 
and of the public service commissions and of other rate-fixing 
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bodies. They will meet, too, the requirements of the owners of 
industrial and other properties, who owing to lack of such in- 
formation occasionally allow over-capitalization and excessive 
dividends, coupled with inadequate earnings, to cripple their 
enterprises. 

The Panama Canal and Fundamental Principles. — The neces- 
sity for a clear understanding of the fundamental principles to 
be followed when rates are to be fixed may be illustrated by 
reference to the case of the Panama Canal. Here is a great 
work representing an investment by the United States of about 
$375,000,000. It is a type of canal which involves large oper- 
ating expense. In connection with this canal the question 
arises: What should the earnings be? 

The problem of the canal tolls may be broadly considered 
along the following lines: ^ 

First : Who is ultimately to pay for the canal? Is it to be 
the user of the canal? 

Second : Has the canal been built by the United States as a 
revenue-producing investment or is the canal to be regarded as 
worth what it has cost for military purposes and as an instru- 
ment of general benefit? 

Third : Wh.2it shall be included in the operating expenses? 

The ordinary citizen is under the impression that the $375,- 
000,000 which the canal has cost is an investment similar to 
those which the United States has made in constructing the 
Eads jetties at the mouth of the Mississippi river, in constructing 
the Ambrose channel for access to the New York harbor, and in 
building the San Pedro breakwater for the protection of the 
harbor of Los Angeles and the Columbia and Eureka bar jetties 
for the improvement of other Pacific Coast harbors of more or 
less local importance. If this is the fact, the investment in the 
canal has been made as a non-revenue-producing investment 
for aU time and there will be no need of recovering the cost of 
the canal from those who use it nor even interest on this cost. 
If the United States plans to collect the cost of the canal in in- 
stallments from the users of the canal, no matter how small 
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these installments may be, the canal will ultimately be paid for, 
in part at least, by foreign people. And if interest only is covered 
by the toll charges, then this Nation will stand in the position 
of having made a loan to the commercial interests of the world 
of $375,000,000 for the construction of the canal. 

Once the fundamental principle has been adopted relating to 
the extent to which commerce shall recoup the United States 
for its outlay and the question has been settled as to whether 
the users of the canal shall pay interest on the investment, the 
question of operating expenses will have to be taken up. Salaries, 
wages, materials and supplies are readily determinable. All 
expenditures for repairs and upkeep will be included with per- 
haps no difficulty until the question of depreciation is to be con- 
sidered. 

Shall each element or class of •elements be considered sepa- 
rately, according to probable useful life, and some sum be set 
aside which together with interest thereon will replace the worn- 
out parts, or shall the amoimt to be set apart for replacements 
be determined directly from the relation of probable life to the 
cost of replacement of each perishable part by setting apart an- 
nually such a fraction of the cost that these annual increments, 
without interest, added together will be equal to the cost, or 
finally shall provision be made from year to year for the re- 
placements that will probably have to be made in each year? 
It is hoped that what is presented in this volume may prove of 
some assistance in the solution of problems of this character. 

Unprofitable Expenditures and Early Losses. — Unprofitable 
and unproductive expenditures which may be the results of 
mistakes or of accidents and early losses in the business are 
elements which should not be regarded as adding value to a 
property. They belong in some measure to the hazards of the 
business. They are, nevertheless, to be taken into account 
when rates are to be fixed because they usually represent legiti- 
mate expenditures. They represent an outlay which in nearly 
every case would have been incurred under consent of the rate- 
payer, if the owner had been acting as the agent for the rate- 



lO 


VALUATION, DEPRECIATION AND THE RATE-BASE 


payer and with his approval. Consequently the rates should 
be fixed with a view to amortize sooner or later such expenditures. 

In thus making provision for unproductive expenditures de- 
termined, perhaps, from actual expenditures legitimately in- 
curred in excess of cost of works in use, care must be taken not 
to go too far. Wasteful expenditure is not to be sanctioned 
and wise and prudent management is entitled to reward. Ex- 
perience alone can determine what allowance should be made 
for hazards of the business and for the cost of establishing the 
business and bringing it up to a paying basis. If it be found, 
for example, that a suburban electric road will not be on a pay- 
ing basis for a number of years, the losses (or deficient earnings) 
during these years may be added to the cost of the road not as 
elements of value but as a part of the investment on which an 
interest return is to be allowed or as the preferable alternative, 
net earnings in excess of interest on the cost of the road can be 
allowed in such amount that within a reasonable time the early 
losses will be amortized. Thereafter a continuation of some 
excess of earnings above the returns from ordinary safe invest- 
ments will be the owner’s reward for having engaged in the 
enterprise. 

Franchise and Water-right Values. — When the public 
through properly constituted authority grants a franchise or 
confers a privilege to enter upon a business which is in the 
nature of a public service, as, when it grants the use of water 
for power, for irrigation or for other purposes, the franchise or 
water-right is valuable only to the extent that the public pro- 
vides a market for the service rendered or commodity supplied. 
When the rates to be charged are subject to regulation and are 
not fixed in the franchise or water-right grant, no basis exists 
(except in the cases of strategic value) for determining fran- 
chise or water-right value. This value depends, as will be 
explained, upon earnings in excess of a fair return on the invest- 
ment and if earnings are not protected by franchise terms, it 
will lie in the power of the rate-fixing body to eliminate fran- 
chise and water-right value altogether. This is as it should 
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be. At the same time with due regard to the share in the 
general prosperity to which the owner of the utility is entitled, 
he should be allowed to earn more than ordinary interest on his 
investment and a capitalization of any such excess earnings 
when these are fairly assured will furnish him with a basis for 
approximating the sum of all intangible values of whatever 
nature. 

Amortization and Depreciation* — A clear distinction should 
be made between the amortization of capital that is invested in 
any enterprise and provision for depreciation or the replace- 
ment of perishable elements. The sinking fund for the retire- 
ment of bonds, or other debt, should not, in other words, be 
confounded with the fund usually referred to as the “ deprecia- 
tion ” fund which is intended to meet the replacement require- 
ments as they arise. 

Valuation for Purchase or Sale. — In appraising for a sale, 
various matters are to be taken into account which are of minor 
importance when rates are to be fixed. If the accrued de- 
preciation has actually been allowed in the earnings and has 
been permitted to accumulate in a fund, and if the accumulated 
fund properly represents the accrued depreciation, and is a 
part of the property to be transferred, then the appraisal in- 
cluding this fund should be in substantial agreement with the 
legitimate investment. If, on the other hand, there is no de- 
preciation fund, if the earned and collected adequate depre- 
ciation allowance in excess of the expenditures therefrom for 
replacements has been absorbed for othei; purposes by the 
owner, then a purchaser would make the depreciated value or 
the legitimate investment less depreciation his starting point in 
determining the amount which a plant is worth, because in 
purchasing the property he assumes an obligation to replace 
perishable parts as they go out of use. If the plan is followed 
of allowing earnings which will meet all replacement require- 
ments together with interest on the full investment, without 
deduction for depreciation, then a purchaser in view of the 
assured return will make the legitimately invested capital 
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without deduction for depreciation his starting point in de- 
termining what he can afford to pay. 

This last case is in conformity with the requirements herein 
explained, that the investment in a public utility should remain, 
at all times, unimpaired. It is at variance with the plan ad- 
vocated by many and approved in various court decisions, that 
the appraisal for rate-fixing purposes shall fluctuate from year 
to year with the age and remaining service value of the perish- 
able elements that go to make up a public service plant. 

Present Value as a Starting Point. — Despite prevailing sen- 
timent and rulings of the public service commissions and de- 
cisions of the courts in favor of making “ present value ” the 
starting point when rates are to be regulated, it will be ap- 
parent to the student that what is estimated as “ depreciation ” 
which may never have been earned and collected has not neces- 
sarily been a repayment of capital and that therefore “ present 
value ” is not always the best starting point. 

The wisdom of starting with “ present value ” or with “ value ” 
in any form may well be questioned because value is a result of 
assured earnings and such values as are not covered by the invest- 
ment do not exist until the earnings create them. In appraising 
for rate-fixing purposes the aim. should be to make the legitimate 
investment and not the depreciated value the rate-base. 

It is sometimes difficult to modify the “ fair value ” basis of 
rates as heretofore insisted upon by the courts so that it will fit 
local conditions as in the following illustrations; 

I. Adjacent to the built-up section of a community which 
is being supplied with water at satisfactory and in every way 
equitable rates, a large subdivision of acre property is being 
made. Streets have been laid out and paved, sidewalks have 
been constructed, an adequate sewer system has been provided 
and a system of water mains has been constructed. These 
water mains conform in every respect to the requirements of 
the owner of the water-works to whom this system of mains is 
now offered on the sole condition that he supply prospective 
customers with water. 
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Acceptance of this system of mains may bring no immediate 
increase of revenue. The development of the newly subdivided 
area may be slow. Some years may elapse before the sales of 
water in the district will be equal to the added burden of main- 
tenance, collection of rates, and depreciation. 

Shall part of the system thus acquired be included in the 
valuation on which the owner is to receive a return? Or shall 
such inclusion be deferred? And if deferred for how long a 
time? 

The inclusion of such property merely because it has value ” 
can perhaps be justified on the plea that it makes no difference 
what a plant has cost the owner and that according to the de- 
cision of the courts value alone should be considered. It will 
be held that it represents a necessary extension of the distribut- 
ing system that could best be made at the same time that other 
street improvements were made, and that it would be impracti- 
cable to attempt in the case of this considerable addition to the 
system to fix: the time when the extent of the use of such new 
pipe and the addition of revenue resulting from such use would 
no longer add to the burden of the remaining, or rather, older 
rate-payers. But the fact remains that when considered as the 
agent of the public the water-works owner has not made the in- 
vestment. The investment has been temporarily made by the 
owner of the subdivided tract. He will be reimbursed by the 
purchaser of lots, for the outlay for this and all other improve- 
ments made on the tract will appear in some form in the selling 
price of the lots. 

If the municipality owned the water-works, in what situation 
would it now find itself? The same treatment should be ac- 
corded the owner as would be accorded to an agent of the niu- 
nicipality. Viewed from this standpoint, the owner, when he 
accepts the addition to his distributing pipe system as a gift, 
assximes at once also the obligation to keep this part of the 
system in repair and to replace the same when worn out or dis- 
carded for other reasons. The owner is therefore entitled 
(necessity for the extension of the system being admitted) to the 
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necessary allowance for operating expenses including a proper 
allowance for anticipated future replacements but should not 
always immediately be allowed interest on the full cost of this 
extension which, as already stated, together with other im- 
provements such as street grading, paving, sidewalk and sewer 
construction will be included in the price charged by the owner 
tor the lots and will therefore represent a contribution by this 
new section of the municipality to the cost of the privately 
owned water-works 

In some measure a donated extension to a water-works system, 
as here used for the purpose of illustration, bears a similar re- 
lation to the plant, as does property held for future use in 
excess of the capacity of the plant, with the difference that in the 
one case the public donates the property to the owner, in the 
other, the owner secured the same by investing his own capital. 
In the fixing of rates the increase of capital due to the receipt of 
gifts and donations should generally be considered separately 
from the actually invested capital. Individual cases will arise 
requiring special treatment. The owner in most cases will not 
be entitled to as large a return on this donated capital as on his 
actual investment. 

2. The above case is not materially different from that of 
the municipality which needs water-works but cannot afford to 
make the necessary expenditures. To induce the investment 
of private capital in a water-works enterprise, the offer of a 
bonus is made. To avoid legal restrictions this has sometimes 
been done through^the medium of extra large annual pa3Tnents 
extending through a number of years for the water required for 
street sprinkling, for sewer flushing, for extinguishing fires and 
other municipal uses. Whenever a direct or an indirect con- 
tribution is thus made, the owner’s invested capital — the rate- 
base — is not necessarily represented by the cost of the repro- 
duction of the entire water-works. 

Fair Value as a Rate-Base. — In concluding this introductory 
chapter attention may be called to the accepted view of the 
courts in the matter of valuations for rate-fixing purposes. It 
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appears from the various decisions of the courts which have 
been cited and from many others that might be referred to, that 
the majority of the courts are definitely committed to the idea 
of making the fair ” value of the property used for the con- 
venience of the public, that is to say the “ present value ” of this 
property the basis of all calculation as to the reasonableness of 
the rates to be charged by a public service corporation. 

If the general analysis of the fundamental principles, which 
must control when rates are to be fixed, as presented in this 
volume, contributes in any degree to the modification of this 
attitude of the courts, the author will feel repaid for having at- 
tempted the analysis. It seems to him illogical to make the 
earnings dependable on value which itself is the direct result of 
the earning capacity of the property for whose output rates are 
to be fixed. The real starting* point is the properly invested 
capital and the volume of the business which is transacted. 
What consideration should be given to these elements and to 
other factors affecting a legitimate return to the owner of the 
public service property will be further discussed. 
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DEFINITIONS 

Value. — Value is the worth of anything measured by any 
standard of purchasing power. It is the exchange power which 
one commodity or service has in relation to another. The 
word value is used in this sense throughout this volume. The 
other meaning of the word relating to adaptability for a certain 
purpose has not been brought under discussion. It is only value 
in exchange and not utility which is of interest to the appraiser. 

A careful distinction must be® drawn between the cost of an 
article and its value. The cost frequently determines the price 
at which an article is offered and taken in exchange and there 
may therefore be at times a close relation between cost and 
value. But the words are in no sense synonymous and cannot 
be used interchangeably. 

Value in the sense of worth estimated by any standard of 
purchasing power, is, in the case of such properties as public 
utilities, a result of the earning capacity. In the case of certain 
properties such as highly improved residence property a de- 
termination of value from earning capacity may not be imme- 
diately apparent but the rental value is nevertheless generally 
there and can be det^^rmined. In the case of such properties as 
works of art, however, which are not ordinarily revenue pro- 
ducing, but which are desired for the pleasure which they give 
and for educational purposes, the value in exchange cannot thus 
be measured, and consideration must be given^ to the more 
abstract question of supply and demand. The discussion in 
these pages will be restricted to the valuation of properties which 
have an earning capacity. 

Market Value. — In the sense in which used in this volume 

value is synonymous with market value. 

i6 
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Fair Value, — The term fair value ” is used so frequently 
in the valuations of public service properties for rate-fixing 
purposes, that it deserves more than passing notice. As a basis 
for the fixing of rates it is difficult to define. Apparently it is 
usually intended to mean market value, — the value which 
would be ascertained by a prudent purchaser making thorough 
inquiry relating to all circumstances affecting value. But in 
reality the value is a result and not a basis of earnings. It 
should not be made the rate-base.’^ The term “ fair value ” 
has been used in a measure, no doubt, to rule out book- value ” 
or cost which may include items and amounts of doubtful 
propriety and to rule out estimates of value based on stock and 
bond issues and the market value of such securities. 

The term fair value as used by the courts has not yet been 
satisfactorily interpreted and nc? attempt will here be made to 
reconcile divergent views in relation thereto. But attention may 
be called to the difficulty which has been experienced by all who 
have attempted to make appraisals for rate-fixing purposes, in 
reconciling the value to a purchaser with the fair value ” 
which the courts wish to have considered when fixing rates. 
Why should there be one valuation for purchase and another for 
rate-fixing? The answer that has been given by the courts, is 
practically to the effect that there should be no such difference, 
and experts have found difficulty in so appraising values that 
any such difference shall disappear. 

The value to an investor is unhesitatingly determined from 
the net earnings, with due regard to hazajrds of the business. 
The value for rate-fixing purposes as the courts say is to be 
that value on which, with the same regard for the hazards of 
the business, the owner is to be allowed to earn a fair interest 
return. Value should be the same whether determined by a 
rate-fixing body or whether determined for a purchaser. 

When the acquisition of the properties of the Maine Water 
Company by the Kennebec Water District was under consider- 
ation, the Supreme Judicial Court of Maine included m its in- 
structions to the appraisers (Dec. 27, 1902) the following: 
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The capitalization of income, even at reasonable rates, can- 
not be adopted as a sufficient or satisfactory test of present 
value. But while not a test, present and probable future earn- 
ings at reasonable rates are properly to be considered in de- 
termining the present value of the system.’’ 

In this case, “ Kennebec Water District vs. City of Waterville 
et al ” (97 Maine 185; 54 Atlantic 6), the district was authorized 
by law to acquire the entire plant property and franchise, rights 
and privileges of the Maine Water Co. and the instructions 
referred to were issued by the court upon a joint request. 

According to the decisions of the courts, as the matter stands 
today, that which is to be ascertained and made the starting 
point when rates are to be fixed, is the present value of the 
property devoted to the public use. 

In this connection the Supreme Court of the United States 
says in the Minnesota Rate Cases (230 U.S. 352): “ The basis 
of calculation is the fair value of the property used for the con- 
venience of the public.” In San Diego Land and Town Co. vs. 
National City the Court says, What the company is entitled 
to demand, in order that it may have just compensation, is a 
fair return upon the reasonable value of the property at the time 
it is being used for the public,” In the Minnesota Rate Cases 
the Court also quotes with its approval from Smyth vs, Ames 
(169 U.S. 466). 

In order to ascertain that value, the original cost of con- 
struction, the amoimt expended in permanent improvements, 
the amount and market value of its bonds and stock, the 
present as compared with the original cost of construction, 
the probable earning capacity of the property under particular 
rates prescribed by statutes, and the sum required to meet 
operating expenses, are all matters for consideration and are to 
be given such weight as may be just and right in each case. 
We do not say that there may not be other matters to be re- 
garded in estimating the value of the property. What the com- 
pany is entitled to ask is a fair return upon the value of that 
which it employs for the public convenience. On the other 
hand, what the public is entitled to demand is, that no more be 
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extracted from it for the use of a public highway than the services 
rendered by it are reasonably worth/' 

It is to be noted, too, that the U. S. Supreme Court holds to the 
view that the value as a basis for establishing rates is to be the 
present value. The Court uses the following language in Will- 
cox vs. Consolidated Gas Co. of N. Y. (212 U.S. 19, 52). 

“And we concur with the court below in holding that the value 
of a property is to be determined as of the time when the inquiry 
is made regarding the rates. If the property, which legally enters 
into the consideration of the question of rates, has increased in 
value since it was acquired, the company is entitled to the benefit 
of such increase. This is at any rate the general rule. We do 
not say there may not possibly be an exception to it, where the 
property may have increased so enormously in value as to 
render a rate permitting a reasonable return upon such increased 
value unjust to the public. How such facts should be treated 
is not a question now before us, as this case does not present it. 
We refer to the matter only for the purpose of stating that the 
decision herein does not prevent an inquiry into the question 
when, if ever, it should be necessarily presented.” 

The Court has apparently taken the view that the unearned 
increment may generally be allowed to go to the owner of the 
utility either as an offset in whole or in part to early losses or 
as a reward for having undertaken the enterprise. The fact 
should, however, not be lost sight of that any such increase in 
value is, strictly speaking, a part of the aggregate earnings and 
due consideration to this fact should be given in making 
appraisals. 

While these rulings of the highest tribunal in the country 
seem to compel the valuing of a public utility property accord- 
ing to accepted standards at present worth, when value is to be 
ascertained and made the starting point for fixing rates, we may 
nevertheless be permitted, and we consider it a duty, to point 
out the limitations of these rulings and the desirability of secur- 
ing some modification thereof. This matter will be further 
discussed in the chapter on depreciation. 
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Remaining Value. — The term “ remaining value ” is equiva- 
lent in its meaning to present value when applied to an article 
whose value lessens with age. It is generally dependent upon 
and to be computed from three elements; (a) the probable use- 
ful life term of the article new; (b) its expectancy or probable 
remaining term of usefulness; and (c) the cost of replacing it 
with some article of equivalent usefulness, which, when prices 
are not subject to change, is the original cost less the residual 
value of the article when it goes out of use. 

Residual Value. — The “ residual value ” is the value which 
re mains in any article after the same has ceased to be useful 
as an integral part of a public service or other property. The 
residual value may be only scrap value, or it may be the price 
at which it can be disposed of for use in connection with some 
other property. It is usually estimated as the value to an out- 
side purchaser, less the cost of delivery to such purchaser. 

Condition Per Cent. — The existing condition of any article 
can be expressed by comparison with the condition of the same 
article new. If the article when new is taken at loo per cent 
and present condition in comparison therewith is noted in per 
cent this is called the condition per cent. It is the present or 
remaining value in comparison with value new, based upon the 
condition of the article, expressed in percentage. 

Accrued Depreciation. — The accrued depreciation is the 
difference expressed in money between the original cost of an 
article and its remaining value. 

Probable Life. — -The probable life term of an article is the 
time, usually expressed in years, during which it may reason- 
ably be expected to render useful service. The probable life 
term of any article is to be determined by the experience, the 
world over, with other articles of the same kind. It depends 
not alone upon the time required for an article to become value- 
less by use, by ordinary wear and tear, but also upon the time 
when by reason of accidental destruction, inadequacy or obso- 
lescence, the article must be replaced by a new one better adapted 
to fulfill its purpose. If the life of a large number of articles of 
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the same kind, as for example telegraph poles, be recorded it will 
be found that a few fail almost immediately, being destroyed by 
storms, by fire or by accidents, that a larger number will fail 
within a few years due to inherent defects in the timber and 
other causes in addition to the causes of failure already named, 
that failures will multiply at some period such as lo to 15 years 
according to the character of the timber of which the poles are 
constructed and that some will survive many years beyond the 
average life term of all. From such records the probable life 
term of a new pole is ascertained; but while this probable life, 
here S3monymous with average life, is known or can be ascer- 
tained as explained, the actual life of individual poles will depart 
therefrom more or less. The total number of service years of 
the poles which fail early will fall short of the expected total 
number by as many service years as those of the poles which 
survive the probable term will exceed this number. 

Expectancy or Remaining Life. — The expectancy of any 
article is the probable time, usually expressed in years, during 
which it may reasonably be expected to render efficient service. 
For a new article the expectancy is its probable life. When the 
life of a candle which will bum for a number of hours is under 
consideration, the expectancy is ascertained by subtracting age 
from probable life new. But in all ordinary cases the expectancy 
cannot be ascertained by any such simple mathematical process. 
Every article which has been in service for some years, and has 
escaped the accidents which might have put it out of business 
in its early life, stands a better chance of being among those 
which will outlive the probable life term fixed for it when it was 
new, than it had when new to outlive this term. Consequently 
the expectancy is not to be determined by subtracting age from 
probable life. It is to be determined from the actual con- 
dition of the article and all local circumstances which may 
affect its continued usefulness. 

A high-duty pump, which originally had a probable life of 
25 years, when it reaches the end of this term, may be in a con- 
dition almost as good as new. It has escaped the possible acci- 
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dents of the early years of its life and by careful attention and 
replacements of its wearing parts is still rendering first-class 
service. The value of this pump is not to be written off the 
books, neither should it be regarded as good as new. Its value 
is ascertained by determining its probable additional years of use- 
fulness and the probable cost of replacing it at the end of this term. 

An irrigation canal usually improves with age. So far as 
wear and tear is concerned, it has unlimited life. But xmder 
the development of extensive areas, the small original canal may 
in the course of time be superseded. The probable life of this 
canal, and therefore, too, the annual replacement increment, is 
estimated on some assumption relating to the rate of this develop- 
ment. Finally the time comes when the project for a compre- 
hensive canal system has taken shape and it may reasonably be 
assumed that within a definite period, five or ten, or some other 
number of years, the original canal will be superseded; its di- 
verting dam and its headworks, and perhaps the canal itself, will 
then be abandoned. The remaining life or expectancy of the 
canal is at that time only five or ten or some other number of 
years, as the case may be, and within this time the remaining 
investment in the canal is the amount under consideration for 
replacement. 

Composite Life. — The composite life of a complex plant is 
that term of years within which the accruing depreciation of all 
items of which the plant is composed, on the assumption of no 
replacements, would amount to the cost of the plant. As in 
the case of articles in classes according to their probable life, so 
in the case of entire plants, the life thus determined for various 
types of plants is made an aid in estimating the current de- 
preciation. Without recourse to the more laborious method of 
dealing separately with each item of which the plant is made up, 
it becomes possible if composite life is known to approximate 
the current depreciation or replacement requirement. 

Composite Age. — The composite age of a complex plant is 
that age which it would have to acquire, if treated as a depre- 
ciating unit, to make its accrued depreciation equal to the 
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aggregate accrued depreciation of the individual items of which 
the plant is made up. 

“Amortization.” — In the sense used in this paper the term 
amortization applies to the retirement of capital. When an 
article is to be permanently retired from connection with a busi- 
ness and not to be replaced, the annual depreciation increment 
or the annual replacement increment allowed in the earnings 
becomes an amortization increment. 

Ordinarily a discarded article is replaced by a new one which 
will render equivalent or better service. The amount to be 
provided during the life of the article and made available at 
the time it goes out of use is, for all practical purposes, its re- 
placement cost, being the cost of installing an equivalent new 
article, less the residual value of the original article. The 
amount thus provided may be .treated as amortization, but 
there is no need of doing so as will be fully explained. 

Depreciation. — Depreciation is the lessening in worth of any 
perishable article which takes place from use and advancing 
age. It is not solely due to inherent deterioration or to wear 
and tear but results, too, from the fact that owing to progress 
in the arts and sciences and methods of manufacture, an article 
may become obsolete and that due to growth of communities or 
other causes, appliances or structures may become inadequate 
and have to be replaced in the course of time by new ones better 
adapted to the requirements. Every circumstance tending to 
limit the term of usefulness of an article should be taken into 
account when its probable life or expectation and consequent 
rate of depreciation are to be determined. 

Annual Depreciation. — The annual depreciation or the cur- 
rent depreciation is the annual theoretical lessening in worth, 
expressed in money. 

Appreciation. — Appreciation is the increase in worth ex- 
pressed in terms of money. It applies not alone to real estate 
but to any article, structure or thing which increases in value 
due to general prosperity or to the more obvious cause of higher 
wages and greater cost of materials. 



24 


VALUATION, DEPRECIATION AND THE RATE-BASE 


The Ctirrent or Annual Replacement Requirement. — The 
current or annual replacement requirement is that amount which 
should annually be covered by the earnings, to meet the renewals 
which must be made from time to time. The amount necessary 
to accomplish this may be estimated from the known character, 
number and cost of the articles which must annually be re- 
placed or in the case of large units, from the rate of depreciation. 

The Obligation to Replace. — The obligation which every 
owner of a public utility has assumed to continue in business 
for either a definite or an indefinite time period carries with it 
an obligation to replace the articles which are essential for the 
proper conduct of the business with equivalent new articles 
whenever the original articles cease to be useful. This obliga- 
tion to replace grows with the age of the article in service. 
When expressed in money, it>is equivalent to the accrued theo- 
retical depreciation. This obligation to replace, together with 
deferred maintenance, must be taken into account by the ap- 
praiser of property which is to be purchased. 

Deferred Maintenance. — Deferred Maintenance ’’ is the 
neglect, expressed in dollars, which has resulted from failure to 
keep an article in good condition and repair. It is the sum 
which should at once be expended to restore the article to ordi- 
nary good service condition, and to protect it against causes of 
rapid destruction so that its deterioration will not be unduly 
rapid. Ordinarily there should be no deferred maintenance.’’ 
By proper attention to maintenance and repairs the service 
rendered should be kept at the standard which is expected of 
the plant. The plant in other words should, practically at all 
times, be at loo per cent efl&ciency. 

Wear and Tear. — Wear and tear ” is the term applied to 
the deterioration of an article from use. The article is kept in 
serviceable condition by the renewal of its worn-out parts and 
by suitable attention to its wearing parts. Maintenance and 
repair are to be included in operating expenses. The expendi- 
tures for repairs and maintenance are intended to keep the 
article at or near loo per cent efiSciency. 
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It is sometimes difficult to draw a close distinction between 
repairs and replacements and between deferred maintenance 
and accrued depreciation. It is generally assumed that deferred 
maintenance results from neglect to make the lesser repairs 
and renewals such as are current from year to year and that 
depreciation comes into consideration when dealing with the 
more important items which when new have a probable life of 
at least a number of years. 

Replacement Cost. — The replacement cost is the cost of a 
new article with which a worn-out article is replaced, less the 
residual value of the original article. It is the cost of effecting 
a change from the worn-out part of the property to a new part 
of equivalent service value. 

Invested Capital or Investment. — The investment or the 
capital invested hardly needs a definition. It is the aggre- 
gate of the expenditures which have been made and which re- 
main in the business. It is the summation of the cost of the 
various items which make up the property in question and render 
the same efficient for the purpose for which it is intended, less 
such sums as may have been applied out of earnings for the 
retirement of the capital. In connection with the valuation 
of public utiKty properties it may be regarded as the aggre- 
gate of the reasonable and proper expenditures which have 
been incurred to make these properties serviceable. It may 
and generally does include such items as the cost of establishing 
the business. 

Wearing or Service Value. — When the. fact is taken into 
account that an article after it has ceased to be useful in con- 
nection with one enterprise or property may still have value in 
connection with another, and usually does have some scrap 
value, it will be plain that the lessening of worth is not to be 
estimated from the original full cost of the article. It is the 
difference between the first cost and the residual value which is 
being consumed during the useful life of the article. This dif- 
ference is frequently referred to as the wearing or service value 
of the article. 
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Remaining Service Value, — The service value of an article 
which is no longer new is its remaining service value. It is 
determined from the original service value by deducting the 
accrued depreciation. 

Intangible Values. — The term intangible value is applied 
to any element of value other than elements of a physical na- 
ture. The value of a franchise is an intangible value, so too 
the “ good-will ’’ of a business; “ going value; “ rights of 
access;’' ^'water-rights,” " power-rights,” and the like. The 
cost of organizing and establishing a business is an element 
for consideration in making an appraisal of value just as legiti- 
mate as the cost of the physical elements of a property. 

Cost of Business Development or the Cost of Establishing 
the Business. — The cost of development or the cost of estab- 
lishing the business is a summation of the expenses not charge- 
able to construction which have been incurred in building up 
the business and bringing it upon a paying basis. Preliminary 
expenses, advertising, commissions and losses due to inade- 
quate revenue in the early years may all be brought under 
review in making up the cost of development. It is not always 
a simple matter to know where to stop in the matter of charg- 
ing up expenses to the cost of development and to the capital 
account. To a certain extent the losses due to deficient busi- 
ness in early years may be regarded as part of the capital reason- 
ably invested. The European practice is to do this to a far 
greater extent than is customary in the United States. When 
feasible, the better practice would be to recognize the early 
losses as a necessary incident to the business and to make pro- 
vision for their amortization as circumstances may justify. In 
general it may be said that any legitimate expense which it 
may be difficult to assign to construction or operating accounts 
can be regarded as development expense. 

Franchise. — A franchise is a privilege to do business granted 
by the public. A franchise may be limited to a specified period 
of time, it may be indeterminate or it may be perpetual. It 
may be, but is not necessarily, an exclusive privilege. It may 
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be coupled with all sorts of conditions such as division of profits; 
the fulfilment of all kinds of obligations; the limitation of 
charges for the service rendered or the commodity furnished. 
It may be nothing more than a privilege to occupy the pubKc 
highways with rails for transportation purposes or with pole or 
pipe lines for the transmission or delivery of electricity, water, 
oil or gas. It may be a grant without cost or may have to be 
paid for at a fixed price or subject to competitive bidding. It 
is one of the intangible elements which may represent value and 
frequently appears among the items of cost. 

Going Concern. — The term “ going concern is applied to 
such business enterprises as are in actual operation. If in suc- 
cessful operation, the value of the going concern ” should be 
somewhat greater than the sum of the value of the physical 
elements of which the property is made up. 

Going Value. — The increment of value which is due to the 
fact that a business has been established and brought upon a 
paying basis is its going value.” In some degree the cost of 
developing the business, such as the early losses, can be made 
the measure of going value. This can be only to the extent 
that the going concern has an advantage over a similar enter- 
prise subject to ordinary reasonable business development ex- 
penditures. If the early losses have been treated in the accounts 
as operating loss and not as invested capital and if subsequent 
years of operation have wiped out the early losses, it may be 
found difi&cult to justify the inclusion of any cost of developing 
the business among the intangible elements of value. It may 
in other words be difficult to determine how much of the aggre- 
gate of the intangible value should be classed as going 
value.” 

Good-WiU. — The term good-will ” is closely related to 

going value.” It represents the intangible element of value 
in an ordinary business and is applied generally in those cases 
where there is competition with other like business ventures. 
The courts hold that where there is no competition there can 
be no good-will. 
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Overhead Expenses. — Certain expenditures in connection 
with the development and operation of any revenue-producing 
property are usually classed as overhead expenses. Econo- 
mists and engineers are not all agreed as to just what part of 
the cost of construction or operation should be classed as over- 
head. Ordinarily the cost of management is treated as the 
overhead. When work is done by contract, the amount paid 
to the contractor is the cost. An analysis of cost to the con- 
tractor when compared with what he has received may show a 
profit but this is no part of the overhead expense. The com- 
pensation of the general manager, on the other hand, and of 
the engineer and legal staff and the expense of the general 
office should be treated as overhead — so, too, interest during 
construction, taxes and insurance. Whether or not they are 
taken into account in making valuations for the purpose of 
establishing a rate-base ’’ (it being no concern of the public 
how the funds for establishing an enterprise are raised), the 
commissions to brokers who sell bonds are a real item of ex- 
pense to the owner and will be classed by him either among 
the overhead expense or as a promotion expense. 

Promotion Expense. — The term promotion expense is 
used to designate certain expenditures, which cannot well be 
included in the overhead ” nor yet in the legitimate cost of 
establishing the business. To this class of expenditures belong 
a variety of expenditures usually incurred prior to the perma- 
nent organization of the business enterprise and may include 
commissions to reahestate agents, and the various expenditures 
that have been incurred apart from actual cost in acquiring 
the properties forming the nucleus of the enterprise. Adver- 
tising and discounts and commissions to bond brokers may also 
be at times properly classed as promotion expense. The cost 
of bringing together the various fimdamental properties into 
one holding, representing the result of the promoter’s activities, 
except to the extent that the cost of promotion work appears 
in enhanced value, is generally accepted as being covered by 
the item “ promotion expense.” 
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The amount of the promotion expense may vary within wide 
limits according to the character of the works, the difficulties 
to be overcome and the thoroughness with which preliminary 
investigations are made. Such expenditures are generaEy much 
less in connection with the additions to an established enter- 
prise than they would be in connection with an original plant 
of the same character and magnitude. 

Reproduction Cost New, — The ascertainment of what it 
would cost to construct an exactly equivalent property, iden- 
tical with that to be valued, is frequently an acceptable 
aid in determining value. Any article which forms a part 
of a revenue-producing property has a value in the service 
which may reasonably be measured by the cost of replacing 
it. Its value in the service may be estimated from the cost 
of installing a new article at *the end of the expectancy 
term. Generally the value at some particular time is under 
consideration and it would be theoretically correct to apply 
the prices of material and labor which are current at that 
time in making the estimate of reproduction cost. But con- 
struction was a process requiring time and reconstruction would 
also require time. Furthermore the appraisal may have to 
serve for some time, perhaps for a term of years. It is reason- 
able and logical, therefore, to depart from the strictly theo- 
retical requirement and to adopt, in making such an estimate, 
unit prices which represent average conditions, preferably for 
a period of about 5 years. The instructions to appraisers by 
the Supreme Judicial Court of Maine, in the Kennebec Water 
District Case (1902), (97 Maine 185; 54 Atlantic 6), when the 
properties of the Maine Water Co. were to be valued contained 
the following reference to reproduction cost: 

The appraisers may properly consider what the existing 
system can be reproduced for. But the cost of reproduction 
will not be conclusive. It will be evidence having some ten- 
dency to prove present value. The inquiry along the line of 
reproduction should be limited to the replacing of the present 
system by one substantially like it.’^ 
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Public Utility. — A public utility is an enterprise which ren- 
ders a service or which supplies a commodity of general neces- 
sity or convenience to the public. There may be public owner- 
ship of the utility, or the privilege of serving the public may be 
delegated to a private person. When the private person is a 
corporation, we have the public service corporation. 

Rate-base. — The “ rate-base ” is the starting point, the 
basis of the calculation when earnings are to be determined to 
which the owner of a public utility is entitled. The owner is 
entitled to a fair return on the legitimate investment which he 
has made for the benefit of the public. He may also be en- 
titled to more than what would be considered a reasonable 
return on ordinary investments but this fact is to be deter- 
mined by the circumstances in each particular case. To know 
the legitimate investment, whether ascertained from book rec- 
ords or by estimating the cost of reproduction or otherwise, is 
fundamental. 

The rate-base which is the most satisfactory is the actual 
reasonable and proper investment or original cost new, includ- 
ing a proper allowance for the cost of establishing and develop- 
ing the business, undimirushed by depreciation, though in some 
cases, perhaps, diminished by the bonus which may have been 
contributed by the public or by the rate-payer. 

The endeavor is made in these pages to show that the value 
of the service rendered and the earnings are independent of 
accrued depreciation and that for this reason the present or 
depreciated value of the physical elements is not the best cri- 
terion for a determination of the legitimate amount of the 
earnings. But the sacrifice which the owner has made, the 
amount of money which is in the business legitimately as of 
the date of construction, the original cost, in other words, 
less the capital which has been contributed to the work as a 
bonus and not as amortization, is the essential element for- con- 
sideration and should be made the starting point when rates 
are to be regulated. It is to be understood, as a matter of. 
course, that special consideration may have to be given to the 
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overbuilt plant and to property held for future use. If the 
owner has gone too far in the matter of providing capacity or 
in the matter of securing property not immediately required, 
the cost of such property may have to be omitted from the 
rate-base or the rate of return on the rate-base should be lower 
than would otherwise be allowed. 



CHAPTER III 


FUNDAMENTAL PRINCIPLES WHICH CONTROL WHEN 

APPRAISALS OF PUBLIC SERVICE PROPERTIES ARE 
TO SERVE AS A BASIS FOR FIXING RATES 

1. The earnings of the public service property should be such 
that, within the life of the property, there will be returned to 
the owner, the capital which he has properly invested in it, 
and in addition thereto, interest at a reasonable rate upon 
such amount of capital as frometime to time actually and prop- 
erly remains as an investment in the property. 

2. The reasonable cost of each item which goes to make up 
a property may be returned to the owner during the probable 
or during the actual life of that item or it may be returned to 
him in a lump sum when that item ceases to be useful. In the 
case of items which are of sufficient importance to be individu- 
alized the amortization of cost may be progressive during a 
fixed term which is generally determined by the probable life 
of the item. In the case of numerous articles the amortization, 
with equal propriety, may be deferred to the end of the term 
of usefulness of each article. 

3. During the eady years of most public utilities the oper- 
ating costs will exceed the revenue. The business is conducted 
at a loss. When such losses are legitimate, they may be regarded 
as the cost of establishing the business and may be added to 
the invested capital. They may, as an alternative, be regarded 
as temporary advances which are then to be amortized within 
a reasonable time. 

4. The owner of the public service property is entitled to 
proper compensation for assuming the hazards of the business 
and for establishing and operating the utility. 

32 
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5. The owner of a public utility is entitled to a reasonable 
share in the general prosperity of the community which he 
serves. For this reason he should be allowed a share in the 
increase of value which results from population growth. If 
present value is made the rate-base, he will get the apprecia- 
tion of real estate (if such increase be not excessive). If the 
public utility has but little or no property which appreciates 
then some other factor may be brought into consideration in 
determining the fair return. It would be sound doctrine to 
exclude appreciation from the rate-base thus avoiding uncer- 
tain and accidental reward and to allow the unearned incre- 
ment to appear in the net earnings. 

6. Where the invested capital is small and the volume of 
business large, the owner of the utility is entitled to have the 
volume of business considered as well as the invested capital 
when rates are to be fixed. It would generally be good prac- 
tice to take the volume of business into account as well as the 
rate-base when rates are to be regulated, but this is not yet 
an established practice. 

7. The depreciation of an item used in the public service 
does not reduce the value of the service or commodity which 
the public utility supplies to the consumer. The value of the 
service is ordinarily unaffected by depreciation. Depreciation 
is a lessening of worth which may result from any cause. Wear 
and tear suggest themselves as the prime cause of the deprecia- 
tion of articles in use, but it is sometimes difiScult to establish a 
connection between the rate at which an article is consumed in 
service by wear and tear and its lessening worth. The accrued 
depreciation of any article is ascertainable from the probable life 
new of the article, the cost of replacing it at the end of its Hfe, 
its probable remaining term of usefulness, and its original cost. 
In practice the accrued depreciation is usually computed from 
the cost of the article or rather from its wearing value, its prob- 
able life new and its expectancy. The cost affords a convenient 
basis for approximation. (This does not apply to certain 
articles which are readily replaced such as automobiles when 
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considered apart from a complex property. Treated by itself 
the automobile shows a marked drop in value as soon as it goes 
into service and thereafter may be considered as decreasing at a 
fairly uniform rate per year.) 

8. Whenever the rates to be charged for the service rendered 
by a public utility are to be fixed the current depreciation or the 
current replacement requirement must be estimated. This is 
usually done by compound interest annuity methods or by the 
so-called Straight Line Method. According to the procedure 
under which the necessary amount of earnings are determined, 
either the current depreciation or the current replacement re- 
quirement are then made a part of the necessary earnings. 

9. According to the procedure which is adopted for treat- 
ing the replacement requirement, depreciation and amortization 
in the accounting system, the computation of earnings that are 
necessary from year to year will vary. Any one of a number of 
methods of procedure may be adopted with due regard to the 
following: 

a. Is it desirable to keep the required earnings in the early 
years relatively low? 

b. Is any portion of the invested capital to be amortized or 
is there to be any amortization of expenditures for unproduc- 
tive work? 

c. Has there been any amortization of capital in the past? 

d. What has been the relation of earnings to operating expenses? 

e. What amount of prospective business is to be taken into 
account? 

10. An earned depreciation allowance may be regarded as an 
amortization increment. The depreciation allowance is then for 
all practical purposes a repayment to the owner of a part of his 
invested capital. It wiU, in that event, make no difference in 
the ultimate result, at what rate the repayment of capital is 
made. Ordinarily capital is retired as follows: 

o. In equal annual amounts which without interest will in 
the life of the article whose cost is to be amortized amount to 
that cost. (The' Straight Line Method.) 
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b. In amounts which increase from year to year, figured on 
the compound interest basis. (Equal Annual Payment Method.) 

c. In equal annual amounts which together with compound 
interest thereon will in the life of an article amount to its cost. 
(Sinking Fund Method.) 

11. A public service property may be regarded as having an 
unlimited life. Taken as a whole when rates are to be fixed the 
accrued depreciation may then be disregarded; but provision 
must be made for the renewal of those parts which for any 
reason become useless. In this event there need be no repay- 
ment of capital, except only those portions thereof which may 
be regarded as temporarily invested. 

12. In so far as this may be practicable, the earnings of the 
public utilities should be adjusted to the ability of the rate- 
payer to pay. Ordinarily, thefefore, the aggregate earnings 
should be kept relatively low in the early years when the number 
of rate-payers is small 

13. The owner of a public utility has the right to do what he 
pleases with any portion of his capital which is paid back to 
him, which is, in other words, eliminated from the rate-base. 

14. The owner of a public utility should be held accountable 
for all sums collected from the rate-payers for the specific 
purpose of making repairs and renewals. A diversion to other 
uses of any fund intended for this purpose is equivalent to a 
repayment of capital. 

15. The basis of calculation, the starting point when rates are 
to be &xed for a public utility, is the amount of capital whose in- 
vestment was necessary to build the plant and develop its busi- 
ness and on which there should be a proper interest return to 
the owner. This may be either the legitimate original cost new, 
or it may be the properly invested capital reduced by the accom- 
plished amortization. This basic amount is for convenience 
called the “ rate-base.’’ 

16. As a general proposition the earnings present and pro- 
spective should be such that they will give the property a value 
in excess of the capital actually (and properly) invested — the 



36 VALUATION, DEPRECIATION AND THE RATE-BASE 

excess of value being the amount of the reward (including per- 
haps some unearned increment) to which the owner is entitled 
for having established and for managing the business. 

17. Strategic value, resulting from a combination of circum- 
stances such as low operating cost and ample market for the 
output at prices fixed by or for competing concerns which have 
not the same advantage of low operating cost, is a part of the 
reward to which the owner of a public utility may be legitimately 
entitled. 

18. The various procedures for estimating the required earn- 
ings of public service properties are usually based on the assump- 
tion that the same procedure has been used from the beginning 
of operations. A procedure which may be correct if consistently 
and continuously applied, may be imfair to either the owner or 
the rate-payer, if introduced aT a later period. Consequently it 
should be regarded as imperative that consideration be given 
to past history when the rates of an operating concern are to be 
fixed. 

19. Franchises and water-rights and in general the privilege 
to do business are not to be made a part of the rate-base except 
in certain cases in which such rights and privileges have defi- 
nitely ascertainable strategic value or have had to be purchased 
as, for example, when a city sells the right to construct and main- 
tain a street car system or when the acquisition of a water- 
right involves the purchase of adverse riparian or other rights. 

20. The net earnings of a public service property should in 
some measure excefed the return from ordinary safe investments. 

21. The prospective business must be taken into account 
when the rates are to be fixed particularly in the case of a new 
enterprise, where the rate-payers are too few at the outset to 
produce, at a reasonable charge for the service, the, revenue 
which would yield a proper current return on the investment. 

22. The replacement requirement is to be determined from 
the expectancy (remaining years of usefulness), the probable life 
when new of similar articles and the estimated cost of effecting 
the replacement. It is not dependent on original cost nor age, 
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alfhough original cost and age may frequently be valuable aids 
in making an estimate thereof. 

23. Whenever the current replacement requirement or de- 
preciation are to be estimated, due consideration must be given 
to the fact that the actual period of usefulness of perishable 
articles rarely coincides with their probable term of life. 



CHAPTER IV 


ESSENTIALS OF VALUE 
Cost of Physical Elements 

Supply and Demand. — The value of any property is usually 
determined by the law of supply and demand. This is perhaps 
best illustrated by reference to perishable property such as 
articles of food which can be preserved in marketable condition 
for a limited time only. According to information that may be 
available relating to the world’s supply of wheat and of coffee 
the value of the wheat or coffee will be high or low. The harvest 
prospect in the case of such perishable elements has a direct 
effect upon the market value. Or as an additional illustration 
take the limited output of a great sculptor or artist. The de- 
mand, particularly after the sculptor or artist has ceased to 
produce, may greatly exceed the supply and in such case the 
market value may rise far in excess of what would otherwise be 
the value. 

The popular actor, or vocalist, the skillful musician, the poet 
and the author have something to offer in the world’s market 
which is unique and may be in great demand, and therefore may 
command a return put of all proportion to the compensation for 
ordinary individual effort. 

Cost of Physical Elements in Relation to Value. — Productions 
of this type which have value are not here under consideration. 
It is the revehue producing property which is to be discussed 
and to which the chapters of this volume are addressed. Nearly 
every such property is made up of both physical and intangible 
elements. Taken in the aggregate this combination of physical 
and intangible elements has “ value ” based upon earning 
capacity. This is a fundamental fact which if lost sight of may 
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lead into confusion when the term value is used. Both the 
physical and the intangible elements which make up the entire 
property may have been acquired by the outlay of money or 
in exchange for other valuable property. Consequently the 
question of cost deserves consideration and may at times be 
found a fair guide in determining value. Usually the physical 
elements of any property in successful use are worth at least as 
much as it would cost to reproduce them in the condition in 
which they are found at the time of the valuation. At any rate 
a prudent purchaser would desire to know what this cost would 
be and he would be very apt to make it his starting point in 
determining what he could afford to pay for the property. 

The first step therefore in practically every valuation is the 
determination of the cost of the physical elements which go to 
make up the property. 

In making the valuation of the physical properties account 
must be taken: 

1. Of the cost of replacing each inventoried item with a new 
equivalent article. 

2. Of the probable remaining term of usefulness of the item. 

3. Of the probable term of usefulness of the same or an equiv- 
alent new article. 

4. Of the cost of replacing the article with an equivalent 
article at the time when the article will probably be discarded. 

S- In the case of valuation for purchase or sale account 
should also be taken of the accrued depreciation, which will aid 
in determining the present value. 

The Determination of Cost. — The appraiser will therefore 
begin with an inventory of the property which should be in 
sufficient detail to facilitate a cost estimate such as an engineer 
would make who is called upon to construct a duplicate of the 
property to be valued. He will call to aid in making this in- 
ventory the records of the owner and he may find that he need 
only verify or amplify a list of items already enumerated. He 
will then estimate the cost of reproduction and here again he 
should call to aid, if it is available, the record of the cost of con- 
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struction. The actual cost, intelligent direction and super- 
vision being assumed, is generally a better guide to the cost of 
accomplishing a result, than the estimate of the expert who, no 
matter how much he knows about present cost, must make 
certain assumptions relating to the past or the future which will 
always brand his conclusions as approximations, even though 
the approximations are in some cases to be accepted as being 
quite as dependable and as acceptable as though they were of 
absolute accuracy. 

It is not proposed to introduce into this volume sample sheets 
enumerating all the various items that may be encountered in 
valuing the various classes of public utilities and industrial 
establishments. The blanks in use for these purposes are ob- 
tainable, at least for the utilities, from any of the public service 
commissions and will be found an excellent guide in listing and 
appraising the physical elements of value. 

The Relation of Present Worth to the Cost of Replacement. — 
After the cost of reproduction has been determined the time 
must be estimated during which — everything considered — 
the article to be valued may reasonably be assumed to continue 
in service. With this time and the probable life new of articles 
of the same class it will, as elsewhere explained, be possible to 
estimate the relation which the present worth of the article 
bears to the cost of replacing it at the time it will probably be 
discarded. If now the cost of reproduction be so modified that 
it will represent the cost of replacing the article at the end of its 
period of usefulness and the present worth or condition factor is 
applied to this cost of replacement the result will be the present 
worth. 

When the property to be valued includes land, rights-of-way 
or water-rights, regard should be had to the principles dis- 
cussed in the chapters on the Valuation of Land in Eminent 
Domain Proceedings and the Value of a Water-Right and of 
Reservoir Lands.’’ 

Extent of Detail Required. — It has become a common prac- 
tice in valuing property for rate-fixing purposes to approximate 
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the legitimate investment or the present value of physical 
properties by means of a close estimate of the cost of repro- 
duction. Such estimates are a check upon the records of actual 
cost and are valuable even when used for no other purpose than 
as a check. 

The fashion is growing of maldng the estimates of the cost of 
reproduction with attention to the minutest detail These esti- 
mates are frequently made with more care and with more care- 
ful enumeration of items, of specials, fixtures and incidentals 
and of labor and overhead, than would satisfy a contractor 
bidding on the work. And when this is done, when the 
sleeves and elbows of the pipe lines have all been counted and 
weighed and fence posts have been pulled to determine their 
length, unit prices are applied — sometimes as they prevail at 
the date of the valuaJ:ion but moje frequently as they have pre- 
vailed throughout a series of years 2, 3, 5 or 10, in order to give 
weight in a measure to the conditions under which the plant 
came into being. An approximation results. Then, perhaps, 
the accrued depreciation and deferred maintenance are esti- 
mated by some method of approximation and are deducted and 
finally appreciation of value may be allowed and an addition is 
made for the cost of establishing the business ’’ for “ going 
value ’’ or for other intangible elements such as franchise ” 
or “ water-rights.” To the original approximation other ap- 
proximations are added with a result not always entirely satis- 
factory. 

Where this is the case, one may well pai^se to consider how 
far into detail the appraisal of the physical elements should go, 
and whether there are not many cases where actual cost, with 
such checks as may be necessary to determine whether the cost 
is strictly reasonable and legitimate, would serve as the best 
starting point when a rate-base is to be determined. 

The expense of making an appraisal with strict attention to 
every possible detail is not always justified and it may, more- 
over, defeat its own purpose, because by the time that a first 
valuation is completed, as in the case of the railroad systems of 
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the country, a revaluation may be necessary if the same stand- 
ard of approximation to reconstruction cost is to be continuously 
maintained. At any rate, the public utility commissions of the 
country should see .to it that useless work on these lines be not 
demanded. It is their province to fix the standard in this 
matter. 

When rates are to be fixed, they are based on a forecast of 
what the earnings should be. The exact result of charging for 
the service rendered at any fixed rates cannot be known until 
the rates have been in effect for a time. A deficiency in the 
earnings is discouraging to the owner and makes him prone to 
give inferior service. He may be forced into the courts and 
will then incur legal and other expenses which in the end will be 
paid by the consumer. An accumulating surplus, on the other 
hand, should insure high-class-- service andocan be used to safe- 
guard the property against unforeseen accident and to make 
sure of its proper upkeep without giving to the owner, in the 
long run, any larger amount in dividends than he is legitimately 
entitled to receive. If there be error, it should be on the side 
of the adequate return, pro-vided always that a limit is set to 
the rate of return on the investment and to the compensation 
for managing the business, and that the charge for the service 
rendered be a reasonable charge. 

Overhead Expenses 

Cost Includes Overhead Expenses. — Overhead expenses 
have already been defined. They include primarily the cost of 
management, engineering, interest during construction, taxes 
and insurance. 

In the determination of “ cost ” whether the actual cost or 
the estimated cost of reproduction, whether at present day 
prices or at prices applying to a selected period or to a par- 
ticular time, it will be essential to have due regard to the over- 
head expense. It is not enough to be able to state item for 
item what it would cost to reproduce each in its exact present 
condition of serviceability, but proper accoxmt should be taken 
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of the amount of general expense, of the cost of management, 
engineering and supervision of the expenditures due to unforeseen 
conditions, of unprofitable expenditures, and of losses by acci- 
dent, that would ordinarily be anticipated in the execution of 
similar work under the same general conditions. The finished 
plant if constructed under better than average conditions is 
entitled to a credit due to this favorable circumstance, and if 
constructed under adverse conditions, may not be entitled to an 
appraisal at full actual cost. 

The determination of the allowance which should be made 
for overhead expense is therefore a matter of considerable im- 
portance as will be seen from the quotations presented here at 
some length, which will give a fair idea, based upon experience, 
of the actual overhead expense connected with many public 
enterprises. 

The Special Committee of the Am. Soc. C. E. on the Valuation 
of Public Utilities is Cited on Overhead. — In reference to en- 
gineering as an overhead expense the Special Committee of the 
American Society of Civil Engineers on the Valuation of Public 
Utilities in the progress report which it submitted in January, 
1914, says: 

Am. Soc. C. E. Committee, Engineering. — Under the head 
Engineering are usually included not only strictly engineering 
expenses, but those of other technical employes and of inspec- 
tors. It is difficult to draw the line between the preliminary 
engineering and that during construction, and it is probably 
best in most cases to include the part qf the preliminary 
engineering expenses connected with the preparation of the 
final design of the works with those incurred during their con- 
struction. 

The percentage of the cost of the work represented by engi- 
neering differs with the character of the works and with the 
amount of care and skill exercised in their design and con- 
struction. On railroads it is commonly estimated that the 
engineering cost will amount to 5 per cent of the physical valu- 
ation of the property, exclusive of overhead charges. Statistics 
of the cost of engineering are available in connection with several 
municipal and other works as follows: 
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'^Metropolitan Water-Works, Massachusetts. This property, 
costing to the end of 1912, $42,036,000, is to the extent of $15,- 
300,000 made up of old works purchased from the City of Boston 
and others, on which the engineering charge is not known, 
leaving $26,736,000, of which the engineering charge was $2,077,- 
000, equal to 7 77 per cent. Based on the total cost, exclusive 
of engineering, the percentage is 8.42. These amounts include 
both the preliminary engineering and that during construction. 

"New York Water-Works, now in process of construction. 
The disbursements upon this work to the end of September, 
1913, amounted to $103,178,000. The engineering expense 
directly attributable to the work under construction amounting to 
$10,050,000, equal to 9.78 per cent of the total disbursements for 
this work. In addition, there were engineering expenses re- 
lating to investigations of other drainage areas, which are only 
indirectly attributable to the work under construction, amounting 
to $394,000 or o 38 per cent of the total disbursements, making 
the total for engineering 10 16 per cent It is to be noted, 
however, that there is included in this case under the head “ en- 
gineering ” the cost of unusually extensive borings and investi- 
gations which were not included as an engineering charge upon 
the Metropolitan Water-Works. There is not included, how- 
ever, the cost of expensive investigations by sinking shafts at 
the Hudson River, which, although originally charged to the 
engineering account, has been deducted because the shafts 
afterward became a part of the final construction. 

Boston Subways, The following table has been compiled 
from ofi&cial reports: 
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“BOSTON TRANSIT COAIMISSION 
(1893-1912) 



Total cost 

Percentage 
of total 
cost 

Percentage 
of con- 
struction 
cost 

Subway 

Engineering 

General expense (me commission) 
Construction 

1407,475 4S 

131,681 87 
3,586,002 33 

9 88 

3 19 

86 93 

II 34 

3 68 

100 00 

Total 

$4,125,159 68 

100.00 


East Boston Tunnel 

Engineering 

General expense 

Construction 

$191,466 57 
161,134 78 

1 2,894,595 01 

5-90 

4 96 

89 14 

6 62 

5 57 

100 00 

Total 

$ 3 > 247 ,i 96 36 

100.00 


Boston Tunnel and Subway: ^ 

Engineering 

General expense 

Construction i 

$417,866 25 
226,441 57 
7,623,206 56 

5 05 

2 73 

92 22 

S 48 

3 S8 

100 00 

Total 

$8,267,514 38 

1 100 00 


Cambridge Connection. 

Engineering 

General expense 

Construction 

196,575 46 

62,355 20 I 
1 , 199^904 39 

7 10 

4 59 

88 31 

: 8 05 

5 20 
100 00 

Total 

11,358, 83s 05 

100 .00 


‘‘ CHARLES RIVER BASIN 

COMMISSION, BOSTON 

Dam, Lock, Embankments, Marginal Conduits, Etc., Completed 1909 


Total cost. 

Percentage 
of total 
cost. 

Percentage 
of con- 
struction 
cost. 

Administration 

Engineering 

Construction: 

Preliminary . $10,783.86 0 3 

Contracts ... 2,629,671.95 73 i 

Additional . . 237,433 22 6 6 

$94,011 97 
446,096 03 

2 6 

12 4 

3.2 

X 5-5 

Real estate 

2,877,889 03 
179,730 77 

So 0 

5 0 

100.0 

6.2 


®3. 597.727 80 

100.00 
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“ Pennsylvania Railroad Tunnels. — The cost of engineering 
for the East River Division of the Pennsylvania Railroad tun- 
nels amounted to 5.8 per cent of the total cost of_ the work, 
including excavation, retaining walls around the station area in 
New York, the tunnels eastward under the streets and East 
River to the surface in Long Island, terminal yard in Long 
Island, and engineering. This is equivalent to 6.1 per cent of 
the cost, exclusive of engineering. 


“ KENNEBEC WATER DISTRICT, MAINE 
New Gravity Water Supply, with Auxiliary Steam Pumping Plant, 1906 



Total cost. 

Percentage 
of total 
cost 

Percentage 
of con- 
struction 
cost 

Administration I 

$6,161 20 

2 SO 


2 S3 

Engineering 

17.872 3S 

6.69 


7 33 

Construction 





Rights of way 

926 97 

0 36] 



Pumping station 

20,833 39 

7.801 


100 00 

Steam plant 

6,273 59 

2 . 34 | 



China Lake pipe line 

213,302 93 

80 siJ 



Total 

$267,408 43 

100 00 



“ LOUISVILLE, KY., SEWERAGE WORKS, 1906 TO 1912 
This Work Consisted of Intercepting Sewers, Trunk Sewers, and a Small 
Proportion of Lateral Sewers 


1 

Total cost. 

Percentage 
of total ex- 
penditures. 

Percentage 
of pay- 
ments to 
contractors. 

Administration . ^ 

Engineering ... ! 

Rights of way . , : 

Castings and other metal work 

Damage suits (exc. of rights of way) 
Amounts of payments to contractors. 

$78,025 03 

336,544 87 

12,319 36 
iS»46i.29 
8,307 52 
37289,330 89 

2 09 

9 00 

I 0 33 

0 41 

0 22 
: 87 95 

^ 2 37 

10 23 

0 37 

1 0 47 

1 0 25 

100.00 

^ 7739.938 96 

100 00 


The above total is exclusive of the cost of preliminary en- 
gineering, which involved an expense of approximately $57,000, 
equivalent to 1.7 per cent of the construction cost ($3,289,330.89) 
shown above. 
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Watertown — Mechanical filters built in 1903; cost, $97,065; 
engineering cost, 5 9 per cent. 

Ogdenslurg. — Sand filters built in 1910; cost of work 
$167,694, engineering charges, 7 per cent, excluding cost of 
preliminary report, which amounted to $500. 

Hudson River State Hospital, — Sand filter plant built in 
1904; cost $36,000; total cost of engineering, io| per cent. 

PeekskilL — Sand filters built in 1908; total cost, $63,304; 
cost of engineering, 7.1 per cent. 

Yonkers. — Open sand filters, built 1903; total cost, $50,165; 
total cost of engineering, 7.3 per cent. Covered sand filters, 
built in 1907; total cost, $106,708; cost of engineering, 8.7 per 
cent. 

Ithaca^ N, F. — Filters built in 1903 on a percentage 
basis under rush conditions; cost, $192,114; engineering cost, 
7 per cent. 

^^Springfield, Mass, — Water-iyorks built 1910; construction 
of additional supply from Little River, including diversion 
works, reservoir, filters, and pipe lines; cost $1,465,393; cost 
of engineering, 10 per cent. The basis of computation does 
not include the sum of $268,000 paid for land, legal and other 
expenses. 

Springfield, Mass, — Ludlow filters; built in 1906 at a cost 
of $43,306, to meet an emergency, and requiring very rigid in- 
spection to secure proper grade of sand and proper sanitary 
conditions during construction; cost of engineering, including 
board, livery, cots, bedding, and provisions for inspectors on 
work, 17 per cent. 

“It is obvious that the cost of engineering varies with the 
character of the work. For instance, the construction of an 
important dam or aqueduct, built in place and requiring skill 
in designing and a careful inspection of every part of the work 
as it is built, requires a larger expenditure for engineering than 
a large cast-iron pipe line where the cost of laying the pipes in 
a trench is but a small percentage of the total cost of the line, 
and the work progresses so rapidly that the inspection cost is 
small in proportion to the total cost. 

“ The cost of engineering varies not only with the class of 
work but with the character of the design and execution. For 
instance, works may be built with very little inspection, from 
crude designs prepared by unskilled engineers, with the result 
that the cost of works may be large although the percentage 
paid for engineering may be small Works skilfully design^ 
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and efficiently constructed necessarily involve a larger cost for 
engineering, which should be recognized in any valuation when 
the works give evidence of such skill and efficiency. 

“ The cost of engineering for additions and extensions of a 
property may be as large, or even a larger percentage of the 
total cost than for the original plant, but under a continuous 
system of regulation engineering for additions and extensions, if 
charged to current expense, should not be included in the valua- 
tion 

“ It is sometimes suggested that no engineering charge should 
be made in the acquisition of real estate, and there may be some 
cases where such a view would be substantially correct. It is 
frequently the case, however, especially where strips of land 
are to be acquired, that the engineering cost is as great as for 
other portions of the work. 

The record of the cost of the Wachusett Reservoir, where 
the engineers had little to do ;with the acquisition of land other 
than to prepare the plans of the lands and to make appraisals 
of the mill property and water-rights, amounted to about 3 
per cent of the total cost of the property acquired. The per- 
centage would have been considerably larger if nearly all of the 
property had not been acquired by purchase and very little by 
condemnation proceedings. 

The records of the New York Water-Works show that the 
engineering connected with the acquisition of land to the end of 
September, 1913, amounted to 1.87 per cent of the total expendi- 
tures on land account.” 

Am. Soc. C. E. Committee, General Expense. — The same 
committee in referring to general expenses says that these 
include: 

'' All administrative, legal and other general expenses during 
the period of construction. Such expenses include general office 
rent, the salaries of the officers of the corporation and of the 
secretary, treasurer, legal advisers, clerks and others. Statistics 
showing the amount of such expenses in the case of corporations 
me not available to the Committee. The statistics of munic- 
ipal public service properties throw some light upon the sub- 
ject, although generally defective in that the offices are fre- 
quently in public buildings where no rent is charged and the 
financial and legal duties are performed to a large extent by 
those who receive salaries paid out of general funds. 
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On the Massachusetts Metropolitan Water-Works, the ad- 
ministrative and expert services, with a small portion of the 
legal services, amounted to 1.43 per cent of the cost of the work, 
an unusually low figure, as there was very little litigation in 
connection with the work. 

On the New York Water-Works the strictly administrative 
expenses to the end of September, 1913, were 1.12 per cent of 
the total disbursements to that date, but in addition, adver- 
tising and the fees of special counsel and commissioners of 
appraisal to the end of 1912, all in connection with the acqui- 
sition of land, amounted to $2,966,000, equivalent to 3.39 per 
cent of the total disbursements to that date, making the total 
for general expenses, exclusive of police services, 451 per cent. 

On the Boston subways the general expenses, as given by 
accounts, have amounted to 3.42 per cent of the total, but 
some items usually classed as general expenses were charged 
directly to the various sections of^ the work. 

“ It should be remembered that in all cases above cited, a 
part of the general expenses have been paid out of general 
funds and are not included in the above percentages. 

“ In modern works in populated sections of the country there 
is a strong tendency toward an increase in general expenses, 
owing to the greater attention paid to policing and sanitation 
where large bodies of men are employed. 

On the Metropolitan Water-Works the charge for police 
services amounted to $211,000 for works costing $26,737,000, 
equal to 0.79 per cent. 

‘‘ On the New York Water-Works to the end of 1912, the 
total disbursements amounted to $87,551,000, of which $1,369,000 
was for police, equal to 1.56 per cent of the total. 

The Committee believes that original conditions should be 
considered in determining the proper percentage for general ex- 
penses and that the allowance above suggested for police and 
sanitation should be included only when similar expenditures 
were actually made in the creation of the property under con- 
sideration.” 

Am. Soc. C. E. Committee, Contingencies. — “In making 
an estimate of the cost of a projected undertaking, the ex- 
perienced engineer adopts a policy of liberality with the inten- 
tion of reaching the probable actual cost of the proposed work, 
and even under such circumstances the actual cost is as likely 
to exceed as to run below the estimate. 

“ This policy of liberality includes an addition to the com- 
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puted theoretical or geometrical quantities in all cases where the 
actual quantities are likely to be greater, the adoption of liberal 
rather than minimum prices for the various items of work, and 
a further allowance for contingencies. If the plans are in- 
complete, so that many minor features are omitted, he properly 
adds more for omissions and contingencies than where the plans 
are in greater detail. 

“ In the valuation of a public service property, the same ideas 
should be kept in view and the percentage or sum to be allowed 
for contingencies should be governed, to a considerable extent, 
by the completeness of the inventory and the amount already 
allowed for omissions, by the extent to which additions have 
been made to the computed theoretical quantities and by the 
degree of liberality of the prices affixed to the various items of 
the inventory, but in no case should the contingencies be omitted 
or reduced to a small figure. Large contingent expenses are 
necessarily incurred in practically all important public works. 
They may occur from very many causes, among which may be 
enumerated the failure of contractors and the cost and legal 
expenses incident thereto; to the delay of certain parts of the 
work caused by such failure; to injunctions or to the inability 
to obtain possession of the land in due season, thereby necessi- 
tating the execution of such portions of the work under winter 
conditions or other adverse circumstances; to stringencies in the 
money market, causing a temporary shortage of funds, and a 
consequent disorganization of the forces employed on the work; 
to protracted strikes; to the necessity of rebuilding parts of the 
work which have failed because of improper design qr unfore- 
seen causes; to making alterations found to be necessary or de- 
sirable after the work is built; to the slipping of earth or rock; 
and to making changes in plans which increase the cost of the 
work. 

Such contingent expenses as those above enumerated, with 
the exception of the last two, should be included as contingent 
expenses in any valuation of an existing property because the 
existence of the property does not give any clew to the amount 
of most of the contingent expenses involved in its creation.^’ 

Am. Soc. C. E. Committee, Insurance and Risk. — There is an- 
other subject closely related to contingencies which may be classed 
as insurance or risk. For instance, if an owner of property is 
constructing a building he runs the risk that it may be burned. 
If a fire occurs when a building is nearly finished and the owner 
has to rebuild it, the cost of the completed structure, if he has 
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no insurance, will be nearly that of two buildings. In esti- 
mating the reproduction cost of the building, only one building 
would appear on the inventory, but in estimating its value, 
there should be added to the reproduction cost of the single 
building as otherwise determined, the sum necessary to insure 
its whole value against fire, and this sum should be added whether 
the owner actually paid it to an insurance company for carrying 
the risk or whether he assumed the risk himself. Similarly any 
other property which involves risk during its construction and 
testing should have added a contingent sum representing what 
the cost of insurance would be were there insurance companies 
to insure against such risks. 

“ It is seldom that a large public service property is examined 
that there is not a disclosure of some large expenditure for works 
which have been destroyed, reconstructed, or not used because 
of faulty design or construction. In some cases this is dis- 
tinctly the result of negligence, but in a majority of cases such 
expenditures have taken place where the owners were not 
negligent in that they have taken due care in the selection of 
engineers to design and contractors to construct the work. 
They are the result of human fallibility. 

Many examples of failures have been furnished by masonry 
dams. A considerable portion of the Quebec bridge failed while 
in process of construction; there was a great slip in the Necaxa 
Dam, one of the highest earth dams ever built, when it was far 
advanced toward completion; the Loetschberg tunnel in Switz- 
erland encountered bad ground, which required the abandoning 
of the tunnel for about a mile and its relocation through another 
portion of the mountain; the change in plan of the new Croton 
Dam of the New York Water-Works involved an additional ex- 
pense of more than $1,000,000 for construction and interest. 
These are only a few instances of many which might be cited. 
Such disastrous occurrences are not contemplated by engineers 
when they make a provision for contingencies in preliminary 
estimates of the cost of works, but it seems proper in the valu- 
ation of an existing property which has been completed and 
successfully tested to recognize that the owner has been re- 
quired to assume the risk of accident and failure and should 
be compensated therefor by at least the amount which insurance 
companies would charge for taking such risks were they doing 
this kind of business. This feature may properly be included 
in the valuation by increasing the amount allowed for con- 
tingencies and risks.” 
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Am. Soc. C. E. Committee, Interest and Taxes. — Referring to 
interest and taxes the Committee says: 

“ Interest upon the capital invested in the plant up to the 
time when it is first operated and begins to have earning capacity 
is an unavoidable expense. 

“ Under the most favorable conditions it is necessary to raise 
the money required for the construction of the work months in 
advance of its expenditure and in many cases the whole amount 
must be raised before beginning the work in order to insure 
against a suspension of operations with the large loss neces- 
sarily incident thereto 

The rate allowed for interest during the construction should 
be the prevailing rate at the time of the valuation, having re- 
gard, however, to the variations in rate in different localities 
and the character of the property. The rate of interest on 
money required for the original plant will generally be larger 
than on that required for extensions and betterments as the 
corporation naturally has a stronger financial standing after it 
possesses a successful operating plant. 

The amount to be allowed for taxes during construction must 
be determined largely on the basis of local tax rates and other 
local conditions and in this case, as in others relating to over- 
head charges, the original plant and subsequent additions should 
be treated separately.” 

Overhead in Railroad Construction. — While as in the case of 
other items of cost the records of expenditures may be the best 
guide when overhead charges of an operating property are to be 
determined, they are not always to be accepted without ques- 
tion; the appraiser must know whether they are reasonable or 
not. It is for this reason that such data as above presented are 
of interest to the appraiser. Following this matter further it 
may be noted that in valuing the railroads of the State of Wash- 
ington Mr. H. P. Gillette ascertained from their records of cost 
that their overhead costs were as shown in the following table: 
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TABLE 1 . OVERHEAD COST ITEMS 
Railroads in the State of Washington By H P. Gillette 



Gt N 
955 M , 
per 
cent 

Gt N 
48S M , 
per 
cent 

W and 
Gt N 
84 M., 
per 
cent. 

P &S 
Ry. 

32 M , 
per 
cent. 

S.&N. 

Ry. 
132 M , 
per 
cent. 

N. P 

R R 
1654 M , 

per 

cent 

O.R 

& N 

501 M , 
per 
cent. 

Engineering 

2 50 

3 23 

4 40 

3 56 

3 50 

5 51 

2 83 

General expense 

0 28 

0 26 

0 08 


I 00 

I 22 

0 48 

Legal expense 




3 55 


0 01 

0 02 

Insurance 



0 01 

0 06 




Interest on advances 

0 93 

1 23 

3 25 





Bond interest during con- 








struction 

2 44 

3 84 



S 25 

13 60 

2 61 

Bond expense 

0 10 

0 18 






Taxes 

0 02 


0 17 




0 05 

Undistributed accounts 






0 91 

2 64 

Totals 

6 27 

8 74 

7 91 

7 17 

9 75 

21 25 

8 63 


Gt N = Great Northern • 

W. & Gt N = Washington & Great Northern 
P &: S = Fairhaven & Southern 
S & N = Spokane Falls & Northern. 

N P = Northern Pacific 
O R & N == Oregon Railway & Navigation Co. 


In valuing the railroads of Michigan, Prof M. E. Cooley who 
had charge of this work adopted the following percentages in 
estimating the reasonable allowance for overhead costs: 


Per cent. 


Engineering . . 

... ... 4 00 

Legal expense . 

0 so 

Organization expense ... 

I 50 

Interest dunng construction 

. . 3 00 


9.00 


The Wisconsin Railroad Commission on Overhead Allowances 

The following information is found in the records of the 
Wisconsin Railroad Commission: 

In Hill et al vs. Antigo Water Co. (decided Aug. 3, 1909), 
Overhead charges in the case of water companies are usually 10 
to 18 per cent. The staff engineers estimated in this case at 
10 per cent or the minimum (engineering, 5 per cent; interest 
during construction, 3 per cent; and contingencies, 2 per cent). 
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In City of Ripon vs. Ripon Light and Water Co. (decided 
March 28, 1910) the staff allowed 12 per cent (5 per cent being 
for engineering and superintendence, 4 per cent interest during 
construction and 3 per cent legal expenses, organization expense 
and casualties). The respondent claimed 6 per cent interest 
during construction. 

In Dick et al vs. Madison Water Commission (decided Nov 
II, 1910) the staff allowed 10 per cent instead of the usual 
12 per cent because the plant is a municipal plant. 

In State Journal Printing Co. vs. Madison Gas and Electric 
Co (decided March 8, 1910), engineering was estimated at 
5 per cent on the cost of the original physical plant, but not on 
additions to the plant. The staff of the Commission assumed 
that construction extended throughout one year and allowed 
3 per cent for interest but subsequently changed to 4 per cent as 
the construction period may have been underestimated. The 
respondent contended for 6 per cent interest during construction, 
claiming a 2-year period of construction. 

In the tentative valuation the staff had allowed 2 per cent 
for various items including contingencies, omissions, casualties, 
legal and organization expenses but on revision allowed 3 per 
cent. The respondent claimed through various experts 4 to 7 
per cent, the larger amount being based on 2 per cent for omissions 
and contingencies, 3 per cent for legal and organization expenses 
and 2 per cent for casualty liability. 

The Commission in this case says it is fair that rates charged 
for the service rendered be fixed at a level that is high enough 
to cover all reasonable costs.’^ 

In City of Racine vs. Racine Gas Light Co. (decided Jan. 21, 
1911) the staff allowed 12 per cent for interest during construc- 
tion, engineering contingencies, etc. 

In the application of the LaCrosse Gas and Electric Co. the 
staff allowed 12 per cent while the petitioner claimed 15 per cent 
for interest during construction, engineering and contingencies. 

In City of Milwaukee vs. Milwaukee Electric Railway and 
Lighting Co. (decided Aug. 23, 1912) 3 Cent Fare Case, the 
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respondent contended that 22 per cent for overhead is not ex- 
cessive and that there are cases in which such additions have 
been as high as 51 per cent. 

Mr. W. D. Pence of the engineering staff of the Commission 
testif3dng to an appraisal of the property made in 1907 says the 
basis was: 

Four per cent for engineering and superintendence. 

Two per cent for organization and legal expense. 

Three per cent for contingencies. 

Three per cent for interest during construction. 

Mr. Beggs, the manager of the Company^ stated that con- 
tractor’s profit would be at least 15 per cent of cost of labor and 
materials. (The Commission included contractor’s profit in 
unit prices.) 

Mr. Beggs also claimed that interest during construction 
could not be less than 5 to yj per cent and engineering from 5 to 
6| per cent. 

Prof. M. E. Cooley in revising the staff’s figures allowed 5 per 
cent for contingencies during construction on all items except 
land, furniture, etc , besides 5 per cent for contingent omissions 
on the investment not including land, cars and car equipment; 
4 per cent for engineering, | per cent for insurance, 2 ^ per cent 
for organization and legal expense, and 6 per cent interest; total 
22 per cent. 

Mr. M. G. Starrett on behalf of the Company claimed 4 per 
cent for engineering and superintendence, 2 per cent for organi- 
zation and legal expense, 3 per cent for interest, 5 per cent for 
contingencies of construction, 9 per cent discount on bonds and 
I per cent for working capital; total 24 per cent. 

The Commission as the result of a study of 30 cases of actual 
expenditures finds a range of 4.5 to 23.43 per cent and an aver- 
age of 10.13 per cent for engineering, superintendence, organi- 
zation and legal expense and interest during construction. This 
does not include contingencies. Some of the individual per- 
centages were low because a portion of the cost of supervising 
extensions was charged to construction. 
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In re Purchase of the Oshkosh Water-Works plant (Sept. 17, 
1913) the City estimated 10 per cent for engineering, superin- 
tendence, interest during construction, contingencies, etc., this 
on the physical plant not including general equipment. The 
Commission allowed 15 per cent and said: 

“ It will be noted that the valuation recently placed on the 
Oshkosh Water-Works property contained an item of 15 per 
cent for engineering, superintendence, interest, organization, etc. 
It will also be noted that the report of the previous valuation 
only contained 12 per cent to cover these items. It should be 
stated that this change from 12 to 15 per cent represents the 
results of an extended study of the costs of such work and it is 
my opinion that where the actual costs are not known for such 
a property as the Oshkosh Water-Works, 15 per cent of the 
cost of specific construction represents about a fair amount" for 
these overhead charges,” 

In re Application Manitowoc Gas Co. (Dec. 4, 1913) the 
Commission allowed 1 5 per cent exclusive of contractor's profits 
which should be included in the separate cost items. 

In re Investigation Ashland Water Co. (July 10, 1914) the 
Commission allowed 15 per cent. 

Promotion Expenses 

Promotion Expenses. — There is an additional class of ex- 
penditures incurred in connection with many of the public 
service and some private enterprises which has a more remote 
connection with the cost of these enterprises than the overhead 
or the cost of developing the business. Capital is timid and 
needs guidance. Preceding nearly every investment of capital 
in the development of an enterprise of any magnitude the same 
has been in the hands of the promoter whose investigations and 
efforts are supposed to have been directed to a unification or 
combination of properties that will make them available as the 
basis for the enterprise. The reward to the promoter should ap- 
pear in the enhanced value of the unified property when com- 
pared with the cost of the individual items that go to make it 
up. But this is not all that there is to promotion expense. 



ESSENTIALS OF VALUE 


57 


Advertising may be necessary to find a market for the securities 
whose sale is to furnish the money with which construction will 
be undertaken A commission may have to be paid to the agent 
who buys the properties or who markets the securities. The 
securities may have to be sold at a discount so that the in- 
debtedness on which interest is paid may exceed the sum that 
was actually required to construct and acquire all the essential 
property. Promotion expense of this character does not usually 
appear in any valuation, nor in the estimate of the investment, 
though it may nevertheless have been an essential element of 
cost. The necessity which may have compelled the incurrence 
of a promotion expense may be deplored and yet it must be ad- 
mitted that, on the whole, society has benefitted by the pro- 
moters’ activity and by the carrying out of many enterprises 
which were not at the outset sc attractive that bonds based 
thereon would sell at par or command a premium. 

In this connection it may be noted that the Wisconsin R. R. 
Commission holds that the cost of marketing bonds should be 
taken into account as a promotion expense but that all discounts 
do not necessarily become proper additions to physical value. 

The appraiser whether of value or of the investment will 
rarely be required to make a close estimate of the promotion ex- 
pense, but the fact that under the prevailing conditions there 
has generally been some legitimate promotion expense which 
may not appear in the valuation, should not be overlooked when 
rates are fixed. 


Intangible Elements of Value 

The Total Intangible Value. — Whenever the net return ex- 
ceeds a fair interest rate on the capital invested in the physical 
elements of any enterprise, there will be other elements of value 
in the same, not represented by the cost of any physical portion 
thereof. These values being apart from the actual investment 
in physical properties are usually regarded as intangible values. 
Ordinarily the sum of all intangible values will be the capitalized 
net annual earnings, less the investment in the physical proper- 
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ties (if the accounting system throughout has been proper and 
the enterprise has met with no untoward experiences) or what 
may generally be a safer approximation, the capitalized net 
earnings, less the cost of reproducing the physical properties. 

A taxicab concern, for example, has invested in the business 
$100,000. The net annual earnings after allowing for depre- 
ciation are $30,000. If it be assumed that 10 per cent per 
annum is a reasonable return on an investment of this character 
and permanency of the business may be assumed the capitaliza- 
tion of the concern might be at $300,000. The good-will of this 
taxicab business appears at $200,000. That is to say, if there 
were no fear of a reduction of income through competition or 
other causes, a valuation three times as great as the actual in- 
vestment might be justified. In such a case the sum of all in- 
tangible values connected with the business which may include 
besides what is strictly good-will, advantageous leases on de- 
sirable space for the taxi stands and contracts with railroads or 
other transportation companies, is the capitalization of the net 
earnings of $30,000 per year, or $300,000, less the value of the 
physical properties assumed as above stated to be $100,000. 

Ordinarily, however, in a business of this character, the earn- 
ings may at any time be cut down by competition. Any in- 
tending purchaser taldng this into account as a hazard of the 
business will conclude that, while earnings of 10 per cent a year 
on the value of the tangible property may be adequate, the re- 
turn on the value of uncertain intangible elements should be 
very much greater. 

He may find circumstances that will justify him in concluding 
that the return on any allowance for good-will should be 20 per 


cent and in this event he will find: 

Total annual net earnings $ 30,000 

Ten per cent of value of physical properties 10,000 

Net annual return on intangible values $ 20,000 

Capitalization of $20,000 per year at 20 per cent $100,000 


Consequently, the amount which he, as a prudent purchaser, 
would he willing to pay for the business would be only $200,000 
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instead of $300,000. In other words, $300,000 would be an over- 
capitalization in view of the risks of the business, and an 
adequate annual net return from a business of this character 
should exceed 10 per cent on the total value thereof. 

As another illustration of relatively high intangible value, a 
newspaper route may be cited. A thousand subscribers, at $4 
each, would make the value of this route $4000. The invest- 
ment in physical elements such as a cart and horse may be in- 
significant. There are, no doubt, many such routes where the 
bicycles and hand carts in use by the delivery boys are furnished 
by these boys and not by the owner of the route. Practically 
the entire value of such a route is represented by good-will. 

Intangible Value Under a Restricted Franchise. — When 
public utilities are under consideration, the problem may be- 
come quite complex and each case will have to be considered by 
itself. A restricted or limited franchise, for example, may make 
a monopoly of the enterprise, and its terms may be such that 
charges for service cannot be reduced by any rate-fixing body 
during the life of the franchise. Under such circumstances, 
when the volume of business is determinable, it is possible to 
forecast with some degree of certainty, on the basis of past ex- 
perience, the annual net earnings and a capitalization of these 
at a fair rate of interest leads directly to a determination of 
value. A comparison between value thus ascertained and the 
cost of reproduction of the physical elements establishes the 
aggregate value of all intangible elements of whatever nature 
connected with the utility. Of course, the capitalization of 
earnings, as here set forth, may not in all cases be a simple 
matter, because many factors are to be taken into account: 

The allowance for replacements must be correctly determined. 

The hazards of the business must not be overlooked. 

The value of the properties remaining on hand subject to sale 
at the termination of the franchise may be a factor of some 
moment in determining how much of the investment is to be 
amortized within the life of the franchise. 

Nevertheless, the. fact remains that the restricted, exclusive 
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franchise usually affords a definite basis for estimating its value. 
When the rates for service rendered or for commodity furnished 
are subject to regulation by public service commissions or other 
similar rate-fixing bodies, this is not so, at least not until rates 
thus regulated become dependable for a number of years and 
the policy to be pursued by such bodies in the discharge of th^ir 
duties can be forecast with confidence. 

Over-capitalization. — The cases have been so frequent where 
exorbitant earnings, real or in some measure fictitious, have been 
made the basis of enormous over-capitalization of enterprises 
both private and quasi-public in character, that the general 
public leans strongly toward extreme restriction of earnings 
whenever the law and circumstances and the power of the rate- 
fixing bodies will permit of such restriction. Why allow any 
public utility to earn more than is ordinarily earned by a safe 
investment? Why allow anything for unprofitable investments 
even though made under good expert advice^ Why take into 
account any lean years of the past? If the utility was not 
profitable or is not profitable, why should not the loss fall upon 
those whose poor business judgment led them into a losing 
venture? Such questions and others of similar character de- 
serve serious consideration when rates are to be established, 
which are to be fair alike to the owner and to the rate-payer. 

Kansas City Water-Works Case and Intangible Value. — Justice 
Brewer, in stating the conclusions of the Court in the Kansas 
City Water-Works Case (Circuit Court of Appeals, Eighth Cir- 
cuit, July 2, 1894, 62 Feb. Rep. 853), says: 

A completed system of waterworks, such as the company 
has, without a single connection between the pipes in the streets 
and the buildings of the city, would be a property of much less 
value than that system connected, as it is, with so many build- 
ings, and earning, in consequence thereof, the money which it 
does earn. The fact that it is a system in operation, not only 
with a capacity to supply the city, but actually supplying many 
buildings in the city^ — not only with a capacity to earn but 
actually earning — makes it true that ^ the fair and equitable 
value ’ is something in excess of the cost of reproduction. The 
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fact that the company does not own the connections between 
the pipes in the streets and the buildings — such connections 
being the property of the individual property owners — does not 
militate against the proposition last stated, for who would care 
to buy, or at least give a large price for a waterworks system 
without a single connection between the pipes in the streets 
and the buildings adjacent . It (the city) should pay there- 
fore not merely the value of a system which might be made to 
earn, but that of a system which does earn/^ 

According to this view of the court there is no question about 
the inclusion of intangible elements among the properties which 
have value. The Supreme Judicial Court of Maine in its in- 
structions to the appraisers of the properties of the Maine 
Water Co. (1902) in the Kennebec Water District Case (97 
Maine 185; 54 Atlantic 6) said; 

In addition to structure values, the appraisers should allow 
just compensation for all the franchises, rights, and privileges to 
be taken.” 

Here, too, the court recognizes the fact that franchises and 
privileges may have value. 

Intangibles as a Protection to the Owner. — The courts and 
the public service commissions must protect the investor whose 
enterprise is developing the latent resources of the country and 
who is, therefore, to be encouraged, and they must at the same 
time prevent as far as may be the robbing of the public by over- 
capitalization and over-bonding with consequent over-charging 
for the service rendered. But in protecting the public they 
should not lose sight of the fact that the owner of the utility is 
entitled to fair compensation for his time and his business abihty, 
and for the risks which he assumed in embarking upon a venture 
for general benefit. 

To do this adequately, in conformity with the rulmgs of 
public service commissions and the decisions of the courts, the 
appraiser has frequently had recourse to intangible elements of 
value under such names as unification of properties,” “ going 
value,” “ solidification of road-bed,” “ appreciation of land ” 
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or of '' conduit values due to paving,” “ cost of establishing 
business ” or under some other designation. Such an addition 
of intangible value under the name of “ going value ” based on 
the losses during the early years of operation has been seriously 
advocated. If regard should be had in this connection to the exact 
amount in each case of early operating losses, of unprofitable 
investments, such as tunnels or wells for water which turned 
out to be unproductive, destruction by fire or earthquake 
and the like, then the allowance for unprofitable expenditures 
might be greatest in the case of the least worthy enterprise, 
which would be an absurdity. Nevertheless, some allowance 
for unproductive expenditures and for early losses is fre- 
quently justified and these may be taken care of either in the 
appraisal of the rate-base or they may be taken care of in the 
rate of return which when fixed somewhat higher than the return 
on ordinary safe investments will in the course of time amortize 
a part or all of the expenditures which do not appear in the rate- 
base. Under such a procedure there is a recognition of the fact 
that early losses may have been unavoidable, that no blame may 
attach for having made certain unprofitable expenditures and 
that the owner who has invested wisely and under more fortu- 
nate circumstances is entitled to the reward which will be 
brought to him either by giving suitable consideration to going 
value ” or by allowing him to earn more than ordinary interest 
on his actual investment. 

Example of Intangible Value Created by Earnings. — Take as 
an illustration the case of a property operated at a loss for 5 
years and thereafter at a profit. Suppose that the investment 
in the property was $1,000,000 before operation commenced; 
that cost of operation 'exceeded the earnings in the first five 
years of operation by $100,000 and that money for the entire 
investment had been borrowed at 6 per cent. During the five 
years the interest pa}nnents, compounded at 6 per cent, amounted 
to $338,220, which, together with the operating loss, makes 
$438,220 as the actual outlay by the owner at the close of the 
fifth year in addition to the original investment of $1,000,000. 
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No compensation for hazard or management is included in the 
foregoing figures. The property as assumed will yield more 
than operating expenses after the first five years. Unless the 
excess over operating expenses is more than 6 per cent on the 
total outlay of $1,438,220 the owner will still be conducting 
business at a loss and unless it is sufficiently in excess of 6 per 
cent to compensate him adequately for management and risk 
he will not realize all that he had a right to expect. 

By reason of increase of population increased demand for his 
output, or for the service which is rendered by the utility it 
may be possible after the first five years to reproduce the utility 
or to construct a substitutional plant with established business 
at a less cost than $1,438,220. 

The question is how to determine what will be fair earnings. 
Two procedures are open: 

a. The actual cost of developing the business may be added 
to the cost of reproducing the physical plant and the sum ap- 
proximating $1,438,220 may be introduced into the calculation 
as the rate-base. 

1 . The cost of reproducing the physical plant together with 
actual cost of franchises, water-rights or rights-of-way or about 
$1,000,000 is made the rate-base, and the cost of developing the 
business, in this case approximately $438,220, is estimated and 
treated as a business loss subject to amortization in a reasonable 
number of years. 

Any allowance less than will result from these procedures 
would be confiscation of a part of the investment and therefore 
unfair to the owner, who is in this illustration assumed to have 
used good judgment in undertaking and developing the enter- 
prise. 

Kennebec Water District Case on Going Concern.” — In 
this connection, too, the instructions issued by the court in the 
Kennebec Water District Case to the appraisers of the Maine 
Water Co. (97 Main 185; 54 Altantic 6) may be cited: 

In estimating even the structure value of the plant, allow- 
ance should be made for the fact, if proved, that the company’s 
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water system is a going concern, with a profitable business 
established, and with a present income assured and now being 
earned.” 

“ Going Value ” and the Going Concern.” — A distinction 
is to be made between the “ value of the going concern ” and 

going value.” The value of the going concern is the total 
value of the entire property, its market value. Going value ” 
is the increment of value due to the fact that the business is 
established and in successful operation. It is at least equal to 
the reasonable cost of establishing the business, including a 
reasonable allowance for losses in early, lean business years. 
If assured earnings are large when compared with the operating 
cost it may greatly exceed early losses just as value may exceed 
cost. In the case of unprofitable business, as when a company’s 
properties are in a receiver’s hand, going value wiU be only 
nominal. 

It sometimes happens that the public is responsible in some 
measure for inadequate earnings as in the case of competing 
utilities. By permitting the competition and a duplication of 
works, the cost of bringing the business up to a profitable basis 
is increased and may be the cause of increased losses. 

Going Value in the Decisions of the Wisconsin R. R. Com- 
mission, — On the subject of “ going value ” the Wisconsin Rail- 
road Commission in the Cashton Light and Power Co. case 
(Wis. R C. R., Vol. 3, p. 85) declares this to be an element of 
value which must be taken into account. The Commission after 
stating that it is akin to “ good-will ” refers to Justice Brewer’s 
views in National Waterworks Co. vs. Kansas City (62 Fed. Rep. 
853) and then cites the opinion in Cedar Rapids Water Co. vs. 
Cedar Rapids (118 Iowa, 234) to the effect that going value ” is 
“ that value which arises from having an established going busi- 
ness . . . and attaches to the business rather than the property 
employed in such business.” 

The Commission takes a sound view when it says in the Antigo 
Water Co. case (Wis. R. C. R., Vol. 3, p. 707) that the ques- 
tion as to whether deficits resulting from operation, or due to 
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other causes, should be regarded as investment, will depend 
upon the circumstances of each case. 

The Commission discusses methods of ascertaining the “ cost 
of establishing the business ” and going value ” in Green Bay 
vs. 'Green Bay Water Co. (Wis. R. C. R., Vol. ii, p. 243-252), 
and in this case says: 

The method which is generally followed by the Commis- 
sion aims to determine, as far as possible, what the actual cost 
of developing the business in question has been, and to what 
extent, if at all, such losses have been recovered in later years of 
operation. There are a number of difficulties in determining, 
by this method, what the cost of building up a business has been, 
among which may be mentioned: 

“ I. Entire or partial lack of records covering the develop- 
ment period. 

^^2. Difficulty of finding original cost of physical plant. 

^'3. Difficulty of eliminating from reported operating expenses 
amounts which are the results of extravagance, inefficiency, or 
other causes which tended to keep the costs above a nominal figure. 

“ . . . This method, where it can be applied to its full ex- 
tent, enables the investigator to determine what it has actually 
cost the utility in question to build up its business. This sum, 
added to the actual investment in the physical plant, gives the 
total amount which the plant and the business have actually 
cost. . . . Where it is impracticable to determine what the 
actual cost of the physical property has been the only method 
of arriving at the value of that property is to ascertain the cost 
of reproduction. 

“ The method of determining going value as followed by Mr. 
Alvord, and which, for the sake of convenience we will refer to 
as Alvord’s method, is an attempt to fix the amount which it 
would cost to reconstruct the business of the utility, somewhat 
as a physical valuation reveals the cost of reconstructing the 
physical plant. There are two assumptions vital to this method: 

“ I. A city similar in all respects to the one under considera- 
tion, except that there is no public water supply system but in 
which the people are in a general way cognizant of the advan- 
tages of such a water supply. 

^‘2. Capital seeking investment which may be either used to 
construct a plant and business in the city with no water supply 
or to purchase the existing plant and business. 
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“In a computation of going value according to Alvord’s 
method the going value is the present worth of the amounts by 
which the net earnings of the comparative plant are less than 
the net earnings of the existing plant during the entire period 
from the date of the first preliminary work until the earnings of 
both plants are equal. . . . The loss to capital invested in the 
comparative plant is not to be measured by the extent to which 
its earnings during the construction period fall short of the net 
revenues of the existing plant, but rather by the amount by 
which they are less than the returns which have been foregone 
in order to enter the new field of investment. . . . The detailed 
computation of the cost of developing the amount of business 
necessary to yield a reasonable return upon the property in- 
volves a number of further assumptions which make the ac- 
curacy of the result very questionable.” 

Franchises and Related Matters 

The Franchise Value. — Any privilege or right granted by 
legislative authority to engage in a particular business is a fran- 
chise. 

Whenever the franchise or privilege to do business is an ex- 
clusive privilege and grants some latitude in the matter of the 
charges which may be made for the service rendered thereunder, 
it is an element that can be valued. It is well stated by the 
Supreme Judicial Court of Kennebec County, Maine, in in- 
structions to appraisers that its value “ depends upon its net 
earning power present and prospective, developed and capable 
of development, at reasonable rates, and the value to be assessed 
is the value to the seller and not to the buyer.” 

When the value of a franchise is in question, all circum- 
stances that affect the earning powers of a property must be 
taken into account and by an analysis thereof the excess of the 
earnings over a fair return on the capital invested in physical 
properties must be determined. This excess of earnings when 
capitalized will give some idea of the total value of all intangible 
elements and may lead to the determination of the franchise 
value. 

Frequently, the only stipulation in the franchise in the matter 
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of rates is that these shall be fair and subject to regulation. In 
such cases the franchise value should not be made a part of a 
rate-base, determined by investment, except only to the extent 
that its acquisition has actually required legitimate investment, 
as is the case, for instance, when a city sells to a Street Railway 
Corporation the right to operate cars on certain streets for a 
certain period of time. The franchise value together with the 
value of other intangible elements is independent of the actual 
cost of these elements; but a franchise value may result from 
the establishment of rates which produce earnings in excess of 
reasonable interest return on the capital invested in the physical 
properties. 

The ascertainment of franchise value and value of all other 
intangible elements connected with public utilities is similar to 
the ascertainment of the value of the good-will of a private 
business but with this difference. ... In the case of the public 
utility there is usually protection against competition, while in 
the case of the good-will of a private business, competition or 
the possibility of competition is to be assumed and such com- 
petition may materially affect the value. 

A franchise is sought for and operations thereunder are un- 
dertaken for profit. Sometimes, of course, the profit to the 
party who accepts the franchise and operates thereunder is an 
indirect one, as in the case of the railroads which make large 
land holdings valuable. While the privilege to do business is 
granted in order that certain property may be used for the 
benefit of the public, the person or corporation undertaking the 
business must be assumed to be doing so in the hope of reaping 
an adequate reward. 

The Franchise Term. — In many of the states perpetual 
franchises have been granted. Rights to use water-powers, 
wharf and water-front privileges, the privilege to supply gas or 
water and the right to occupy streets for various purposes when 
thus granted without time limit may acquire relatively high 
value and may prove a serious obstacle to the ultimate rational 
development of natural resources. The perpetual franchise 
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has, however, one feature in its favor. The operator thereunder 
can look with some confidence into the future and if circum- 
stances justify, will find it to his interest and may be expected 
to make suitable provision for the growth and future demands 
of the community. Knowing that the prospective earnings 
justify this course, he can build far ahead of the immediate 
requirements. But this advantage is not of sufficient impor- 
tance to justify the grant of perpetual privileges and such privi- 
leges are now rarely, if at all, granted by any of the states. 

The term of a franchise should not be too short. When the 
evils of the perpetual franchise began to be fully realized, the 
next step was to the other extreme and terms were in some of 
the states restricted to 25 years. Usually several years are 
consumed in the construction of works, 5 to 10 years or more in 
the development of the business and thereafter there should be 
ample time left within which to make some profit. A term of 
40 to 50 years would seem to be about right, not alone to en- 
courage reasonable development under a franchise, but also to 
give the public opportunity to renew, at not too great inter- 
vals, the conditions subject to which the privilege is granted. 

Amortization During the Life of the Franchise. — In any 
event suitable provision should always be made to amortize the 
capital invested either by a purchase on an agreed basis at the 
end of the franchise term or by the amortization of a part or all 
of the investment during the fife of the franchise with a view to 
an acquisition of the property by the public. If the latter plan 
is followed, there may be danger of neglect in the last years of 
service, as it will be to the advantage of the owner to expend as 
little as possible in upkeep, provided only that he can continue 
rendering the service. The provision which must be made in 
such a case to amortize the investment may cover the entire 
term or only a portion of the franchise term. 

The Indeterminate Franchise. — The indeterminate franchise 
is fast finding favor. No definite term of fife is fixed but pro- 
vision is made that at any time after a specified number of years, 
the community may take over the property either at an agreed 
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price or at an appraised value. Usually the method of making 
the valuation is agreed upon in advance in order that there 
may be as few points of disagreement as possible. The in- 
determinate franchise may be granted subject to various con- 
ditions such, for example, as an allowance of 10 per cent or 
some other amount on the actual investment if the property is 
taken over within 10 years; or that after a certain number of 
years a part of the earnings will be turned over to the community; 
or that certain requirements relating to the character and quality 
of the service will be complied with. 

The indeterminate franchise has not yet been fully tried out, 
but in those states in which suitable provision has been made 
for the regulation of rates, there is good reason to believe that it 
will prove satisfactory. 

Capitalization of the Franchise. — The tendency has been to 
capitalize the value of the franchise, in other words, to use the 
franchise as a basis for the issuance of securities- Perhaps there 
is some reason for this in the case of a perpetual privilege, when 
thereunder the assured earnings exceed the ordinary fair inter- 
est return on other similar investments, but the capitalization 
of the franchise, except the actual cost thereof, is now quite 
generally prohibited by the laws which provide for the control 
and regulation of the public service corporations, and the de- 
cisions of the courts are adverse to such capitalization. 

The Wisconsin Railroad Commission says on this subject in 
the Antigo Water Case (Aug. 3, 1909), That if the municipality 
required the payment of money or its equivalent, or there was 
necessary legitimate payment made for the franchise, then the 
sum which may be reasonably said to have been paid for the 
franchise may be included in the valuation, the same as money 
necessarily invested in physical property. But the Commission 
refuses to consider the claim of some experts and corporations 
that franchises for which no money was paid may have ^ in- 
tangible ’ values which should be considered in the making of 
rates.’^ 

The Public Service Commission Law of New York provides: 

The Commission shall have no power to authorize the capitali- 
zation of any franchise to be a corporation or to authorize the 
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capitalization of any franchise or the right to own, operate or 
enjoy any franchise whatsoever in excess of the amount (ex- 
clusive of any tax or annual charge) actually paid to the State 
or to a political subdivision thereof as the consideration for the 
grant of such franchise.” 

Appreciation and the Unearned Increment 

Earnings Affect Value. — The earning power of a property 
determines its value. As its net earnings increase, its value in- 
creases. The earning power of public utilities, as a general rule, 
if rates remain undisturbed, increases as population density in- 
creases although not in the samn ratio. The appreciation or 
increase of value which results when net earnings, in their rela- 
tion to the investment, are increasing is the reverse of depre- 
ciation, but it follows no definite law and it cannot be forecast 
with that degree of certainty which can, with some reason, be 
claimed for depreciation. 

The Unearned Increment. — Appreciation or increase of 
value without increase of investment is the unearned increment 
which results from the changing conditions of environment. 
Usefulness in service does not always decrease, but may increase 
with age. This may be the case with a dam or with a railway 
embankment, ana this increase of usefulness when it can be ex- 
pressed in terms of money, or value in exchange, represents 
appreciation. 

Increase in the price of labor and materials, or a change in 
the conditions imder which an enterprise was first established, 
may add to or may take from its value according to whether it 
would be more or less expensive to construct and establish the 
same enterprise under the altered conditions. 

As a general proposition, it may be stated that values as ex- 
pressed in terms of money are increasing. It is also true that, 
as a general rule, public utilities are to be included among the 
principal factors which are responsible for the growth of the 
community, and that, when viewed in this light, the owner of 
the utility is entitled to participate in the unearned increment 
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just as the owner of land participates. He does so, of course, 
in a measure as his business increases, but if held down to earn- 
ings which will barely yield the ordinary interest rates on safe 
investments, the extent of doing this may fall far short of the 
advance in property value shared in by practically all the owners 
of the realty in the community. 

Application to Public Utilities. — Such considerations as this, 
although not thus expressed, have led the U. S. Supreme Court 
to hold that the owner of a public utility is entitled, in most 
cases at any rate, to have the present value of his property made 
the basis of the computation when rates are to be fixed. In the 
Consolidated Gas Co. case (Wm. R. Willcox et al. vs. Consoli- 
dated Gas Co. of N. Y., 212 U. S. 19, 29 Sup. Ct. Rep. 192) 
as already quoted the court says: 

And we concur with the court below in holding that the 
value of the property is to be determined as of the time when 
the inquiry is made regarding the rates. If the property which 
legally enters into the consideration of the question of rates has 
increased in value since it was acquired, the company is entitled 
to the benefit of such increase. This is at any rate the general 
rule. We do not say that there may not possibly be an ex- 
ception to it where the property may have increased so enor- 
mously in value as to render a rate permitting a reasonable return 
upon such value unjust to the public.” 

The court has, perhaps, overlooked the fact that unearned 
increments are earnings and can be allowed without adding them 
to the investment. It may have been perfectly fair to make the 
valuation allowance to the full extent of the unearned increment 
in the Consolidated Gas Co. case and this allowance is not here 
made the subject of criticism. It is only the practical applica- 
tion of the ruling which is brought into question. It is believed 
that as these matters are better understood there will be a 
general acceptance of the view that appreciation had better not 
be included in the rate-base. 

In the case of farm lands the situation may obtain of a greater 
supply thereof than can be made use of by the inhabitants of 
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the country. The rental value is then low and the value is 
fixed rather by the supply of the desirable tracts of land than 
by the revenue which can be produced by cultivation. The 
unimproved farm and the unimproved town lot may be a 
source of expense instead of a source of income. The owner of 
such property expects appreciation to bring him a reward for 
having acquired and for hold ng the property. If he analyses 
his investment in such property after he has held it for a number 
of years, he may find that the first cost at compound interest, 
at savings bank rates, plus annual taxes amounts to more than 
other equally desirable property can be obtained for. His 
investment under such circumstances was not a judicious one, 
provided, of course, that the property while thus held was not 
income producing. But when real estate is held and is in use by 
the owner of a public utility, the intent is, whether always realized 
or not, to allow him to recover in the earnings at least interest on 
what this real estate has cost him. He is not in the position of 
the person who owns an unproductive piece of property. Never- 
theless, as already stated, in order to share in the unearned in- 
crement which he has helped to create for the community he 
should be allowed, if the prosperity of the community justifies 
this course, to earn more than ordinary interest on his invest- 
ment. In the Kennebec Water District Case, already cited, 
the court instructed the appraisers of the Maine Water Com- 
pany's properties that subject to all the foregoing limitations, 
the owner is entitled to any appreciation due to natural causes.’’ 

If, in any measure, appreciation goes to the owner of a public 
utility which includes among its properties land holdings, then 
in the case of other utilities which include no appreciating 
property there should be a like opportunity for profit. In the 
case of these other utilities the unearned increment cannot be 
measured by the appreciation of land. Appreciation does not 
increase the invested capital. It is not essential that appre- 
ciation of land or of any other property be added to the rate- 
base; but the owner of the utility is, nevertheless, entitled to a 
reasonable share in the general prosperity which he helps to 
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create. This can best be allowed him, not in estimating actual 
appreciation, which is more or less uncertain and irregular, and, 
therefore, not always dependable, but in a suitable interest 
return on the original investment. 

Interstate Commerce Commission Comments on XJ. S. Supreme 
Court Decision. — The difficulty of conforming to the decision 
of the United States Supreme Court in the matter of allowing the 
appreciation of real estate was felt by the Interstate Commerce 
Commission of the United States which says in its opinion in the 
Western Advanced Rate Case (20 I. C. C. Rep. 344, decided 
Feb. 22, 1911): 

“ Certainly if the Supreme Court may decline to lay down 
the absolute rule that ^ in every case failure to produce some 
profit to those who have invested their money in the building of 
a road is conclusive that the tariff is unjust and unreasonable ’ 
(Reagan vs. Farmer Loan and Trust Co. 154 U. S. 412), it is a 
conservative statement of the law to hold that a railroad may 
not increase the rates upon a number of commodities solely be- 
cause its real estate has risen in value.” 

“ While it is evident, therefore, that each case must be decided 
upon the facts peculiar to it, the Commission believes it proper 
in this case to follow the general rule, as stated by Judge Hough 
of the United States Circuit Court (Consolidated Gas Co. vs. 
City of New York et al., 157 Fed. Rep. 849, 855), ^ Upon reason, 
it seems clear that in solving this equation the plus and minus 
quantities should be equally considered, and appreciation and 
depreciation treated alike.’ . . . Thus land has been taken at 
its fair value and not at its original cost, and the annual ap- 
preciation of land has been treated as a profit. By this method 
all property is treated absolutely aUke, as Judge Hough sug- 
gests. No difference is made, except that as depreciation 
represents a decrease in assets, it is placed as a debit against 
operation, while appreciation is placed as a credit because it 
is an increase in assets.” 

Treatment of Appreciation and Depreciation. — The real 
difference between the way in which depreciation and appre- 
ciation should be treated has apparently been overlooked by 
the courts but recognized by the Interstate Commerce Com- 
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mission. The lessening of worth is offset, or at any rate is in- 
tended to be offset, by an increase of the earnings. Depreciation 
then appears on both sides of the account. The owner of the 
property if fairly treated is no better nor worse off in consequence 
of deteriorating articles because they are made good to him as 
they deteriorate. But appreciation is usually not estimated 
from year to year and is not therefore entered with the annual 
revenue. When the occasional appraisal discloses appreciation, 
it appears as a profit. The Interstate Commerce Commission 
regards it as income. The United States Supreme Court holds 
that the owner of the public utility is entitled to the appreciation 
unless the same is excessive in amount in addition to a fair re- 
turn upon what would, without the inclusion of appreciation, be 
the reasonable amount of capital invested. How much simpler it 
would be to grant to the utility some reasonable share in the gen- 
eral prosperity not measured solely by the increase in the value 
of the real estate which it happens to own and use in the public 
service. 

The Secretary of the Treasury of the United States in decisions 
relating to the income tax says: 

Profits realized on the sale of real estate during the year, 
also increase of value of unsold property, if taken up on the books 
of the corporation, (are) to be included in income.” 

Appreciation and the Rate-Base. — In weighing the question 
whether or not appreciation is to be added to the rate-base, con- 
sideration may be given to the alternative of the rental value 
of equivalent property. Suppose for example that among the 
properties owned by a public utility there is a large tract of land 
located in a region in which real estate values are advancing 
normally. If instead of acquiring this land the owner of the 
utility had entered into a lease thereof based upon an agreement 
that the rent from year to year should be commensurate with a 
proper valuation of the land, the amount of the rent increasing 
from year to year would be included in the cost of operation and 
rates would be fixed as though, in the case of actual ownership, 
the rate-base had included appreciation. 
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While this circumstance may justify the inclusion of appre- 
ciation in the appraisal of the rate-base in some cases, there will 
be others where the appreciation is out of all proportion to the 
original investment. Furthermore, a strict analysis will show 
that such inclusion would deprive the rate-payer of any share 
in the unearned increment to which he, too, is a contributor. It 
is, moreover, as already stated, difficult and oftentimes impos- 
sible to ascertain the rate of appreciation which might fairly be 
taken into account and finally, if appreciation is included in the 
appraisal of land, it should also be included in the appraisal of 
all other kinds of property. Such inclusion would greatly and 
unnecessarily complicate every calculation relating to rates and 
would introduce an element of much uncertainty. It will be 
much simpler and yet fair to all concerned to exclude appre- 
ciation from the rate-base but, as already suggested, to allow 
the owner of every utility to participate in the general prosperity 
by allowing the rate of return on the rate-base to be higher than 
it would otherwise be estimated. 

If this practice coupled with the Unlimited Life Method of 
procedure could be made general there would be no revision of a 
rate-base, once established, except as made necessary by ad- 
ditions to the utility properties or changes therein, nor would 
there be any need of determining present value, and yet the 
unearned increment would not be ignored. It would appear in 
the earnings and not in the rate-base, and the equitable appor- 
tionment of the unearned increment to the utility owner and to 
the rate-payer would be facilitated. 

If the unearned increment (appreciation) is estimated from 
time to time and is treated as income and the total net return 
on the rate-base does not exceed ordinary interest rates on safe 
investments, the estimated appreciation should be added to the 
rate-base in fairness to the owner of the utility. 

If appreciation is estimated frpm time to time and added to 
the rate-base but is not treated as income, the rate-payer will 
be denied any share thereof. 

If appreciation is ignored, and a rate-base, once determined, 
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is allowed to remain uninfluenced by appreciation, the owner 
of the public utihty should be allowed a higher rate of return 
than if appreciation were included in the appraisal of the rate- 
base. 

The endeavor should be to secure a general recognition of the 
latter principle and thereby secure the same hberal treatment 
for those utilities which do not include among their properties 
land holdings, as is now accorded with approval of the courts, 
to those which do include large amounts of real estate. 

If treated in this way the owner will never be in a position to 
capitahze appreciation, unless the use of the property in the 
public service be abandoned. This is as it would be if the 
owner were acting as agent, and is equitable. 

In the Minnesota Rate Cases, the United States Supreme 
Court apparently recognizes the broad principle that the public 
service property should earn a return upon the increasing value 
of its properties, provided the appreciation be properly ascer- 
tained. The Court in these cases says: 

“ Assuming that the company is entitled to a reasonable share 
in the general prosperity of the communities which it serves, 
and thus to attribute to its property an increase in value, still 
the increase so allowed, apart from any improvements it may 
make, can not properly extend beyond the fair average of the 
normal market value of the land in the vicinity having a similar 
character.” 

It would be much better to let this principle, recognized gen- 
erally by the courts when they say that present value is to be 
the basis of the calculations when rates are to be fixed, be ap- 
plied, as already suggested, without reference to or without 
being dependent upon and restricted to the present value of land, 
so that the same share in the general prosperity would come to 
the owner of the utility which owns no real estate as to the other 
utility which owns broad acres. 

Cost to Reproduce New Includes Appreciation. — When re- 
production cost is used as a means of approximating the in- 
vestment or the rate-base,” the basis of the calculation may 
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be current or comparatively recent prices and the general con- 
ditions as they exist at the time of the appraisal. Such repro- 
duction cost ^11 include appreciation whether the same be 
enhanced value of real estate or increased cost of construction 
due to higher wages and higher prices of materials, or due to 
other conditions at -variance with those which prevailed when the 
work was first done. Such appreciation comes up for con- 
sideration in the case of a, pipe line which was laid before the 
street was paved but which is to be appraised after the street has 
been paved. The cost of reproduction in this case includes the 
cost of cutting through and replacing the pavement. This cost 
of reproduction may be some indication of present value but it 
is not a good measure of the investment, and at its best will be 
more or less unsatisfactory as a method of approximating the 
amount on which interest should be earned Or a pipe which 
is to be valued may have been laid along an ungraded street. 
It may have been laid in a temporary trench to be deepened 
when the street was graded or it may have been placed in a 
deep trench. The cost of reproduction, if estimated after the 
street has been graded, will again fail to indicate correctly the 
amount invested in the pipe and is not entirely satisfactory be- 
cause the first cost of a deep trench or the lowering of the pipe 
during the work of grading were legitimate expenditures which 
the owner of the public utility, if he had been an agent of the 
rate-payer, would have been justified in incurring. Such con- 
siderations as these show how unsatisfactory any close adherence 
to the cost of reproduction may be and they show, too, that a 
wide latitude is sometimes allowable when the legitimate invest- 
ment is approximated by estimating the cost of reproduction. 
Furthermore, this method can hardly be applied satisfactorily 
without adopting some definite rule in the matter of valuing real 
estate. Suppose the rule to be that real estate and all other 
property be appraised on the assumption of present day cost of 
acquisition and construction, disregarding low original cost, dona- 
tions and all other factors and conditions that may have pre- 
vailed at the time of construction and that may have kept cost 
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down. Under such a rule all relation between the capital legiti- 
mately invested and the cost of reproduction may be lost. In 
a private enterprise the former and not the latter would be used 
as the guide in determining what the earnings should be. But 
the cost of reproduction is generally held to deserve special con- 
sideration when the “fair value,” required by the courts, is to 
be appraised and it is frequently accepted as the starting point. 
When the courts shall have accepted the view that “ fair value ” 
is not the proper starting point, then the importance of close 
estimates of the cost of reproduction, which includes both de- 
preciation and appreciation, will fall away. 



CHAPTER V 

ELEMENTS WHICH REDUCE VALUE 
Deductions from Value 

The Lessening of Worth. — The value of a property may in- 
crease or decrease with age. Having *n the preceding chapter 
called attention to the essentials of value and to certain elements 
which add value, there will be considered briefly in this chapter 
some of the factors which reduce value. 

In the case of any operating plant there will be parts which 
deteriorate or wear out under the effect of continued use. By 
ordinary care the rate at which the perishable parts of a plant 
are consumed in rendering useful service is held at or near the 
average rate which experience teaches should be regarded as 
inevitable. If ordinary care is not exercised and a plant by 
reason of neglect gets into a condition which requires special 
attention to restore it to an average condition, all circumstances 
of use and age being considered, the prospective outlay to ac- 
complish this rehabilitation is called deferred maintenance. But 
even when there is no deferred maintenance there may have 
been a lessening of worth due to the fact that on account of 
wear and tear, or by reason of obsolescence, or inadequacy, 
or from any other cause, the time of probable serviceability of 
any article in question is being continually lessened. Loss of 
value from such cause is depreciation. Or again, if cost is made 
a starting point, it may be found that there is included unused 
property perhaps held to meet a future demand, but which, 
when valuations as a basis for rates are under consideration, 
may have to be omitted or deducted from the aggregate of the 
listed properties. And, finally, the property under considera- 
tion may include items designed of a capacity to meet future 
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requirements and so far in excess of a reasonable allowance for 
growth in the near future that it must be regarded as overbuilt 
and not, therefore, entitled to be taken into account at its full 
cost. 

Without attempting a full discussion of all of these factors 
which must be brought under review by an appraiser, particularly 
when the establishment of a rate-base is involved, attention 
will be given briefly to property not required for immediate use, 
and this will be followed by a discussion of depreciation includ- 
ing some matter relating to amortization and the replacement 
requirement, here conveniently considered though not all 
strictly pertaining to reduction of value. 

The Overbuilt Plant and Property not Required for 
Immediate Use 

Plant Capacity in Relation to Requirement. — Ordinarily, and 
with good reason, public utilities are constructed of a capacity 
for service somewhat in excess of immediate requirements. It 
is customary in anticipation of the increased demand for service 
which comes with the growth of the community to give the 
utility ample capacity. A part of the utility plant is built, in 
other words, to meet the demands of the future rate-payer. 
The question may well be asked to what extent this is justified 
and to what extent the rate-payer of today should be made to 
bear a burden for the benefit of the rate-payer of tomorrow. 

Prudent foresight in such matters is always commendable. 
It should be exercised by the private owner just as it would be 
exercised by wisely managed municipal public utility depart- 
ments. Future requirements should be foreseen and provision 
should be made for expansion of works. This may sometimes 
require the acquisition of lands, of rights of way, of water- 
rights, of reservoir sites, and the construction of works beyond 
immediate requirements. Outlays in this direction, within 
limits, are generally more economical than deferred acquisition 
or deferred construction, at the advanced value of land and the 
higher cost of construction of the future. 
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While not endeavoring to set up a rule for the determination 
of the extent to which it may be proper to take future require- 
ments into account in planning any installation, attention is 
called to the fact that any such provision for anticipated future 
service adds to the investment of capital and thereby makes 
higher earnings necessary than would be required, if, at all 
times, the plant capacity could be kept exactly at the momen- 
tary requirement. Here then is an additional call upon the 
rate-payers, which, naturally, will fall heaviest upon those of 
the early years, at which time the disparity between actual 
demand and the provided capacity is generally greatest. There 
lies herein a further reason why the rate-payer in the early years 
of the life of any public utility should be relieved, as elsewhere 
suggested, of the requirement to meet amortization of capital. 
These rate-payers will ordinarily have done their full share if 
they contribute operating expenses, interest on the investment, 
and whatever may be necessary to anticipate and to meet re- 
placements of discarded parts as such replacements become 
necessary. 

Property not in Use. — Guided by the decisions of the courts 
and by the rulings of public service boards and commissions, 
it has become customary to discriminate with care between the 
property of a public utility which is in use and the property 
which may not strictly be regarded as in use. Property which 
is in no way related to the service rendered and which is of no 
prospective necessity will be left out of consideration in this 
discussion. But there is another type of property owned, but 
not in use, as for example a reservoir site, acquired by a water 
works owner at a favorable moment but not likely to be made 
a part of the system for an indefinite period, or a terminal right 
of way for a railroad, or an undeveloped water-power which 
according to sound judgment must be regarded as necessary for 
future expansion though not in active use as a part of the 
present system. The wisdom of early acquisition of such prop- 
erties at opportune moments can hardly be questioned. How 
to deal with them in making an appraisal for rate-fixing purposes 
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is the question. If such properties are included in the valuation 
of the rate-base as of date when purchased, the rate-payer is 
taxed for the benefit of the future. If, on the other hand, they 
are not included in valuations until they are actually put into 
use, then they must ultimately be included at original cost 
plus interest, or as seems to be a more general practice, at their 
value at the time they go into use. Sometimes by such pro- 
cedure a large unearned increment represented by increase of 
value goes to the public utility owner and generally he is entitled 
thereto as a reward for his foresight. 

As a general principle the holding of a reasonable amount of 
property which will at an early day be in use, should be con- 
sidered legitimate and in conformity with the practice that 
would be followed by any prudent management, and it will be 
proper to place such property in the same category as property 
in actual use. This, in its essence, is no different from allow- 
ing full value of the pumping plant which has twice the capacity 
immediately required, but which was planned with due regard 
to future demand upon it. 

When any property which is thus held to meet prospective 
requirements is not included in the appraisal, the burden of 
holding the same available for future use falls on the owner of 
the property. When he thus acquires rights, lands or other 
elements which are of value to his system of works, but are 
perhaps of a character from which no return can be expected, he 
puts the community imder obligation to suitably recompense 
him for his foresight and for the material service which he 
thereby renders. By judicious investment from time to time 
in property which a prudent agent under like circumstances 
would acquire, the public utility owner not only provides 
for the expansion of his system of works, but he hopes to 
profit by the increased value that comes to all property 
located in prosperous sections that are well served by public 
utilities. 

The ideal arrangement would be to have all acquisitions of 
property of whatever nature that appertain to future service 
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made subject to the approval of competent representatives of 
those who are ultimately to pay the bills, and, in that case, 
there would be no question as to the propriety of including 
property held for future use. The only question would be 
whether the present rates should yield interest on the full in- 
vestment in such property or whether the owner should be 
required to carry the same, in whole or in part, for the benefit 
of the community until such time as the greater demand for 
the service and consequent greater earnings wiO. justify the in- 
clusion of the property at cost, plus interest, plus such addi- 
tional amount as may be thought a fair profit allowance to 
the owner in each particular case. Approval of this character 
in the past has been out of the question. To a large extent it 
will be impractical, too, in the future. It frequently happens 
that the purpose of the acquisition of property must be kept 
under cover, because, if disclosed, the prices would become 
prohibitive. For this reason the publicity incidental to a pre- 
liminary approval by representatives of the public would often 
prove embarrassing. It will no doubt be suggested that con- 
demnation proceedings should be resorted to whenever prop- 
erty is to be acquired for the use of a public utility. No one 
who is familiar with the conduct and results of such proceedings 
in the courts of this country would be willing to admit the ad- 
visability of this procedure in all cases. The jury which is re- 
quired to base its findings on the evidence submitted in such 
proceedings frequently reaches conclusions that are not fair. 
Not until value of the property taken, and the amount of dam- 
age to remaining property, is made determinable by impartial 
experts, not selected by the litigants but appointed by the 
courts, will there be any hope of securing through court pro- 
ceedings, at a reasonable cost, the rights and properties that 
may be required by public utilities. 

Discussion of Overbuilt Plants by the Wisconsin R. R. Com- 
mission. — In the discussion of the value of the LaCrosse Gas 
and Electric Co. properties the Wisconsin R. R. Commission says 
(Wis. R. C. R., Vol. 2, p. s): 
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“ Duplication of such plants is a waste of capital whenever 
service can be adequately furnished by one plant. . . . Com- 
petition in this service therefore usually means a bitter struggle 
and low rates, until one of the contestants is forced out of the 
field, when the rates are raised to the old level, if not above it, 
or to a combination of some kind between them which also 
ultimately results in higher rates/’ 

The Commission in the case of the City of Racine vs, Racine 
Gas Light Co. (Wis. R. C. R., VoL 6, p. 286) calls attention 
to the fact that the investment in physical properties is some- 
what greater than the amount ordinarily needed. The invest- 
ment was made to meet anticipated needs. Latitude must be 
given in such cases to owners but it is questioned whether the 
return allowed on the investment should be at such high rates 
as prevail in other cities of the same size. 

Referring to non-operating property the Commission in the 
LaCrosse Gas and Electric Co. case (Wis. R. C. R., Vol. 8, 
p. 164) expresses the view that the value of such property can 
be made a part of the value used in fixing rates only when the 
income therefrom is added to actual income or deducted from 
operating expenses, even though future use of the same is an- 
ticipated. 

Discarded Property. — In Wisconsin it is required by law 
that discarded property must be left out of consideration in 
making appraisals of value as a basis for fixing rates. However 
there are nevertheless cases in which equipment, not actively 
a part of the plant, but held in reserve for emergency use, 
may properly be included in the base value (Wis. R. C. R., 
Vol. 5, p. 24). 

Depreciation, Amortization and the Replacement 
Requirement 

Depreciation. — Depreciation is a lessening of worth with age 
which deserves special consideration in any discussion of rate 
regulation. The matter of amortization and the making of 
provision for renewals or replacements is so intimately inter- 
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woven with the depreciation question, as ordinarily handled, 
that no attempt will be made to restrict the discussion to depre- 
ciation. Information bearing upon amortization and the re- 
placement requirement will here be found intermingled with 
the general discussion of the depreciation question. 

Assumptions Made in the Discussion. — The general presen- 
tation of the problems involved in determining what should be 
the fair earnings of a public utility will be simplified by assuming 
that the actual useful life or term of service of each of its parts 
will conform with the probable life term predicted for these 
parts. This is not in reality the case. In the preliminary 
presentation of the subject, however, this assumption has been 
strictly adhered to. How the departure of the actual term of 
usefulness from the probable term will affect the computation 
of the annual replacement requirement will be considered later. 

It has been found convenient to use an interest rate of 6 per 
cent throughout this volume for purposes of illustration and 
this rate is to be understood when no other rate is mentioned. 

Hypothetical Case; 20 Year Life, 10 Years Old. — Take the 
case of a plant, all parts of which have a life of 20 years, all 
constructed at one time and owned by a prudent owner who sets 
apart at 6 per cent interest, as an amortization fund, each year 
$0.027185 for every dollar invested therein. If the plant is one 
which will actually net 6 per cent on the invested capital, then 
the apparent excess of the annual earnings, over expenses, should 
be $6 -f $2.72 = $8.72 continuously during the life of the plant, 
and the owner, in estimating the price at which he can sell it 
without loss at the end of any period, as, for example, at the end 
of 10 years, would figure as follows (for each $100 of original 


investment) : 

Investment (original) $10000 

In the amortization fund: being the amount of a lo-year an- 
nuity of $2.7185 at 6 per cent interest. 35-^3 

Remaining value $ 64,17 


A prospective purchaser would figure that the plant should 
be worth at least as much as the present value of $8.72 per 
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annum treated as an annuity for the remaining lo years, which, 
at 6 per cent per annum, is $64.17. 

At the end of 10 years, the original owner, keeping for his own 
use the money in the replacement fund, will be satisfied to sell 
at $64.17. The purchaser, content in this case with the assumed 
rate of interest of 6 per cent, will be willing to pay $64.17, be- 
cause at the end of the plant’s useful life, he will have recovered 
his investment with 6 per cent interest compounded annually. 
He will then be under the same necessity of replacing the plant, 
making a new investment of $100, as the original owner would 
have been if he had remained in possession. 

During the entire 20 years of usefulness the plant has been 
rendering adequate service. The efficiency of the service is inde- 
pendent of, and bears no relation to, the useful life of the plant, 
nor to the fact that some or all of its parts were gradually dete- 
riorating. 

Interchange of Terms — Depreciation, Amortization and Re- 
placement. — It cannot be known just how, nor at what rate, 
the actual deterioration of a plant takes place. This may be 
rapid at some period of its life, and slow at another, but, as the 
plant is supposed, at all times during its life, to be adequately 
performing the service expected of it, variations in this rate of 
deterioration are immaterial. In other words, the amortiza- 
tion of capital is a question which may be considered without 
regard to the physical condition of a plant at any period of its 
life. Nevertheless many engineers and economists have found 
it convenient to consider the actual, or the theoretical accumu- 
lation in an amortization fund as the measure of plant deprecia- 
tion with a consequent interchange of terms. The term de- 
preciation” is frequently used when the term amortization ” 
would be more appropriate. 

There is a clear distinction between amortization and replace- 
ment. The amortization deals with the retirement of the in- 
vested capital. This may be in installments in uniform or in 
unequal annual amounts, or in a lump sum at the end of useful 
life. The replacement may mean the substitution of a new 
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identical plant, but at a cost dependent on new conditions, new 
prices of labor and material, or it may mean the substitution 
of new devices rendering equivalent service. In either event 
the replacement may be at a greater or less cost than the original 
cost, with, therefore, a corresponding increase or decrease of 
capital invested. Expenditures for new parts of a plant, which 
take the place of old parts which are retired for any cause, should 
be charged to replacement only to the extent of capital repre- 
sented by the part of the plant thus retired. Any excess of the 
expenditure for replacement over the cost of the discarded part 
of a plant should be treated as an addition to, and any less cost 
as a deduction from, the invested capital. The term “ replace- 
ment ” should not be used in the sense of retirement of invested 
capital, which deals with the cost of the replaced part and not 
with the cost of the new equivalent installation. Theoretically, 
the amount which should go into an amortization fund should 
be estimated on the basis of invested capital, or cost, and not 
on the cost of replacement. 

In the case of the supposed valuation by a seller and by a 
purchaser of a plant with a 20 -year useful life, at the end of a 
lo-year period, there is no need of assuming that an amortiza- 
tion fund has actually been created. The amortization annuity, 
instead of actually appearing in a fund, may be otherwise invested. 

Example of Insufficient Amortization. — When the owner of a 
steamboat which has a limited life and which is yielding 6 per cent 
per anmun of its cost and nothing for amortization, sets apart, 
out of the 6 per cent, an annual amount, also bearing interest at 
6 per cent, to meet its replacement at the end of the steamboat’s 
life, he will have invested not only the original cost of the steam- 
boat, no part of which comes back to him in the aimual 6 per 
cent return, but also a gradually increasing sum which in the 
life of the steamboat will become adequate to replace it. At 
the end of the steamboat’s usefulness, after replacing it with a 
new one, the total original investment will be doubled without 
any increase of earning capacity, and the owner wiU have, in 
effect, lost his original investment. 
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It follows from this that a return of 6 per cent per annum, 
without anything for amortization, or for replacement, on an 
investment in a perishable article, when money is worth 6 per 
cent, is inadequate. The excess of earnings over expenditures 
must be at least equal to the current interest rate on safe money 
investments plus an increment depending on the useful life of 
the plant. This increment must be such that, within the life 
of the plant, it will either return to the owner his original invest- 
ment or will be adequate to replace the article in service with a 
new one. 

Had the owner borrowed money for the acquisition of the 
article, and were he paying interest on the borrowed money at 
6 per cent, this fact would be self-evident. The 6 per cent 
earnings would then be required to meet interest payments, 
and, at the time when the article has reached the end of its 
life and must be replaced with a new one, he would find himself, 
not only in debt for the original article but would have to dupli- 
cate the indebtedness to make the replacement. 

Amortization and the Value of Stock. — The amortization 
increment is ordinarily expected to appear in the earnings as 
that sum which, at compound interest during the life of the 
article, will be adequate to retire the original investment. 

To illustrate these points further, let it be supposed that 
ownership is represented by capital stock of a corporation. If 
a plant owned by the corporation and built with funds contrib- 
uted by the stockholders earns just enough to net 6 per cent 
without any allowance for amortization, the stock which at the 
outset may have been worth loo per cent will gradually decrease 
in value until, at the end of the plant’s usefulness, it will be 
worth nothing. 

The situation is quite different when the earnings net 6 per 
cent plus an annual amortization increment here supposed to 
be paid into a special fund. In this case, the stockholder re- 
ceives 6 per cent each year, and the. amortization grows while 
the plant depreciates in value. The stock, if fully paid up, will 
be at par from the beginning to the end of the plant’s usefulness. 
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and the money in the fund at the end of the period is available 
either for distribution to the stockholders, being a return of 
the money advanced by them or it is available for reinvestment 
in a new plant to replace the original one. Should a sale be made 
at any time while the plant is in service, with due allowance for 
its depreciation (offset by the amortization fund) and, this value 
being recognized by a purchaser and the price paid, there would 
again be 100 per cent available for distribution to the stock- 
holders, the deficiency of the selling price being made up by 
the accumulation in the amortization fxmd. 

In the case of net earnings amounting to less than interest on 
the invested capital plus current depreciation, the valuation 
of the plant by a purchaser would be at all times less than the 
value determined by deducting accrued depreciation from cost 
In the case of earnings amounting to a proper interest return 
on the investment plus an adequate allowance for amortization 
or for replacement the valuation would be, as already explained, 
capital invested (or the replacement cost) less depreciation. 

The Use of an Amortization Fund. — Theoretically, then, a 
part of the earnings each year may be placed in an amortiza- 
tion fund as a repayment of capital invested, and this fund may 
be used for the replacement of the parts of the plant as they go 
out of service or of the entire plant when it has reached the end 
of its life. 

The accumulation of an amortization fund for such use, how- 
ever, while theoretically sound policy, is a measure not always 
adopted in actual practice, particularly when the properties 
owned are of a complex character — when they are made up of 
numerous parts of various periods of probable usefulness. Muni- 
cipalities, State and National Governments, do not set apart 
funds for the replacement of worn-out or antiquated buildings, 
parts of water-works, street pavements, sewers, and the like, 
imtil the replacement is necessary. They do not maintain funds 
at interest representing accrued depreciation out of which to 
reconstruct their public works. The sinking fund required to 
retire bonds which may have been issued to construct these 
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works originally must not be confounded with a replacement 
fund. The one may be necessary to pay for the works in the 
first instance, the other to maintain them for all time. The 
annual contribution to the sinking fund is a partial payment 
for the original work. The contribution to a replacement fund, 
in the case of a plant which is to serve without time limit, is for 
the purpose of perpetuating the work, because in that case the 
replacement fund, as far as it will go or as far as it is required, 
will be used for making replacements. 

The Wisconsin R. R. Commission in the case of the Superior 
Commercial Club vs. Duluth Street Railway Co. (Wis. R. C. 
R., Vol. II, pp I to 2i) elsewhere quoted makes clear the 
distinction between depreciation and amortization. Referring 
to depreciation the Commission in the matter of the Fennimore 
Mutual Water & Light Plant, in 1913 (Wis. R. C. R., Vol. 12, 
p. 209), warns against the confusion of the depreciation fund 
with the depreciation reserve. The fund ’’ is actually created 
by setting a part of the income aside. The reserve ’’ is merely 
a book account which designates the amount and character of 
various transactions bearing upon depreciation and replacement 
expenditures. 

Though it may be difficult to make satisfactory forecasts with 
reference to necessary reinvestments to replace discarded parts of 
a plant, the requirements for amortization, being based on cost, 
are usually readily determinable with some degree of precision. 

Application to Complex Plants, — Thus far, the plant is as- 
sumed to have been constructed and put into use all at once, 
and is of such a character that all its parts have the same life. 
The same principles will apply when a plant is made up of many 
elements or parts having various periods of usefulness. The 
amortization or the replacement annuity is, in such case, de- 
termined for each part and from the sum of the annuities thus 
ascertained the minimum earnings which will prevent loss are 
determined. 

Mathematical Determination of the Replacement Fund. — 
The following problem presents itself: In the case of a plant 
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of gradual development but of full growth and mature age, com- 
posed of numerous units, the useful life of all the units or parts of 
which is n years, it is desired to know what amount is in the 
replacement ftmd at any time, that fund being assumed to re- 
ceive such an increment at the end of each year that, during the 
life of each unit, this annuity, with interest, wiU amount to the 
original cost of this unit. 

Being composed of a large number of elements — each year 
having added new ones — the addition to it per year will be 
taken for the purpose of this illustra+ion at one-«th of the total 
plant as it stands at the end of the wth year. 

For each dollar invested on this assumption in the first 
year, there will be $i invested in each succeeding year, and 
for each doUar thus invested there will be n dollars of total 
investment. 

Let a represent the annual contribution to the replacement 
fund for each dollar invested. 

Assume this contribution to be available at the end of each 
year. 

Then after n years, na will be the annual contribution to the 
amortization fund for each dollar of the annual investment. 

Let m represent any number of years greater than n. 

Let i represent the interest rate expressed in hundredths, i.e., 
for 6 per. cent, i = 0.06. 

During the first n years, after beginning the construction of 
the plant, there will be no replacements, and the replacement 
fimd continues to grow. At the end of the «th year the re- 
placement requirement, assuming permanency in character and 
cost, will be $i for each dollar of annual investment, and this 
replacement requirement will continue at this rate thereafter.^ 
At the end of the nth year the replacement fund will contain: 
For each dollar invested the first year: 

a (i -t- + 0(1+ -!-•••+» doUars 

[(i + *)” - i] dollars. 


or 
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For each dollar invested the second year: 

a (i + a (i + iY'^ -{-•••+« dollars 

or T [(i -f- iY~^ — i] dollars. 

For each dollar invested the ^th year: a dollars. 

Therefore the total amount in the replacement fund at 
the end of the ^th year, after deducting the $i replacement 
requirement of that year: 

Sn = ^[(i+i)^~“i+ I + ' • • + (i+i) - i]- I. (i) 


>5. = ^lv[(i+i>+^-(i+^)]-4-i- 

J 


(2) 

•S'™ = -f [(i + iY'^^ - (i + j) - ni] - I. 


( 3 ) 

There will be in the replacement fund for each dollar annually 
invested: 

At the end of the (n + i)st year: 

5^+1 = *Sn (i + i) + ^< 3 ^ ~' 

■ I, 

( 4 ) 

At the end of the (n 2) d year: 



Sn+i = 5„ (i -f iY (na — i) (i + i) + na — i. 

( 5 ) 

At the end of the (w + 3 )d year: 



*5*71+3 = 571 ( 1 + if + (na — i) (i + if 

+ (na - i) (i 

-\-i) +na — 1, 

(6) 


and so on; and at the end of the wth year: 

Sm — Sn{l + + {na — l) (l + 

+ (na — i) (i + ^ 

Substituting the value of Sn and summarizing the series; 

Sm-r^ [(l + (l + (l 4. 

'If 

— (i + j)®~" + ^[(i + i)™"" — i] (na — i), (8) 

% 
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which may be reduced to 
= I [(i + 0”'^^ - (i + 

-^[(i +«)*-”+i + w - i]. (9) 

For the interest rate of 6 per cent: i — 0.06 and 
Sm = — [i .06”+^ - 1 .06”-”+^] - ^(i.o6“-"+i + na-i). (10) 
For m — n and i = o.o6 


or 


5.= 


5.= 


a 

0.0036 

a 

o 0036 


(i.o6«+i - 1.06) - ^ (0.06 + na) 

— 1.06) — — I. 

0.06 


(11) 

(12) 


If now the total amount in the replacement fund be com- 
pared with the total investment which, on the assumption made, 
will be n dollars for each dollar of annual investment, the rela- 
tion between the replacement and the investment expressed in 
percentage and called R will be found to be: 


[(l + - (l + 

100 , 


r [(i + + na-' 1] (13) 

m 


and for the interest rate of 6 per cent or i = 0.06, 

R-n 

0.0030 n ' 

■ (1.06’^””'^^ + m --- 1) (14) 


0.0036 n 

100 

, 0.06 n ' 


and for w = ^ and i = 0.06, 


Rn = 


100 a 


0.0036 n 


(1.06’^"*'^ — 1.06) — 


or 


Rn = 27,778- (1.06"+^ - 1.06) - 1667 a 
n 


100 a 100 
0.06 n 
100 
n 


(15) 

(16) 
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Table 2 is based on the foregoing formulae. For comparison 
two rates of interest 6 per cent and 4 per cent per annum have 
been used in estimating the amount which should be in the 
replacement fund. 

TABLE 2. THE REPLACEMENT FUND 

For plants made up of numerous parts, all having the same probable 
life new, all serving their full probable term of usefulness and no longer. 
The plants are assumed to have an age equal to or greater than the num- 
ber of years in the probable life term of their parts The total invested 
capital in each case will be n dollars for each dollar of annual investment, 
when n represents the number of years in the probable life term 


Amount in the replacement fund expressed in percentage of the total 
investment 


At the end 
of the year 

Prob life 5 years 

Prob life 10 years 

Prob life 20 years 

Prob life 40 years 



6 per 

4 per 

6 per 

4 per 

6 per 

4 per 

6 per 


4 per cent 

cent. 

cent 

cent 

cent 

cent. 

cent. 

cent 

s 

38 4 

37-6 







10 

38 6 

37 7 

41 7 

40 2 





IS 

3 ^ 4 

37 6 

41 8 

40 2 





20 

38 4 

37 8 

41 8 

40 0 

41 I 

38 0 



30 





41 0 

37 9 



40 



41 8 

40 3 

41 0 

37 9 

36 I 

31 3 

60 





41 I 

38 0 

36 0 

30 9 

80 





41 I 


3b I 

30 9 


In the foregoing mathematical analysis, a plant has been 
assumed which has reached its full growth and which has an 
age equal to or greater than the number of years in the useful 
life term of its parts Moreover it has been assumed that all 
of its parts have the same probable life when new. 

The same formulae will apply to any number of articles of 
the same probable life installed at a uniform rate per year, even 
when the plant of which they form a part is still being extended, 
because in this case the articles may be separated into two 
groups, one being composed of all articles n years of age and 
less, which have not yet been replaced and the other group of 
those articles which have replaced discarded articles. To each 
of these groups taken separately the above formulae apply. 
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It is noteworthy in the assumed case of a plant which has 
attained full growth and is made up of numerous parts that, 
when the replacement requirement is computed from the begin- 
ning by the compound interest method, the amount in the re- 
placement fund should theoretically vary between comparatively 
narrow limits; at 6 per cent interest from 31 to 40 per cent for 
life terms ranging from 5 to 40 years. But in reality there can 
never be absolute agreement between the actual useful life and 
the probable life of all parts of the plant. The formulae noted 
in this chapter are not therefore strictly applicable. They are 
nevertheless valuable in illustrating a principle. 

Application of Earnings to Replacement and Amortization. — 
The demands upon the replacement fund usually begin long 
before the end of the probable life term is reached and may be 
quite irregular in amount. The non-existence of a replacement 
fund in the full amount indicated by mathematical and theo- 
retical consideration does not, therefore, prove that the defi- 
ciency has been distributed as profit, nor yet that there has been 
any waiver of the right to have the earnings cover a fair replace- 
ment increment. 

Furthermore, if the earned annual replacement increment be 
treated as amortization of capital and be immediately applied 
for this purpose, it will thereby be removed from all further 
consideration. The interest on any increment thus applied is 
not available to retire more capital. Treated as an annuity 
and remaining in the business, interest may be compounded so 
long as the fund is held for its intended purpose, that is, for 
retirement of capital at the end of the useful life of the item 
which is being retired. Interest ceases to accumulate the mo- 
ment the fund is applied to retire the investment in whole or 
in part. Consequently, if a uniform annual amortization incre- 
ment bearing interest compounded annually be determined from 
amortization tables based on the probable life of a new article 
and if it be covered by the earnings from year to year, even 
though the amortization increment as earned be reinvested in 
the property, it cannot rightfully be classed as a repa3anent of 
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invested capital until the end of the probable life term. If the 
fund resulting from the accumulation of such increments be 
applied at any earlier date, a new amortization annuity, based 
on the remaining value and the remaining life, must be com- 
puted. 

Incomplete Amortization. — It will be seen that if an amor- 
tization aimuity thus determined from probable hfe when an 
article goes into service be deducted from the investment from 
year to year, the result will be incomplete amortization. In 
the case of an article with a probable life -of forty years, the 
amortization rate thus computed at 6 per cent interest would 
be 0.6462 per cent per annum. The amount of capital returned 
in forty years would be $25 85 on each $100 of capital invested 
and there would remain $74.15 still to be made good at that 
time. 

These facts make clear the point that, whenever amortiza- 
tion in lieu of replacement is accomplished by annuities bearing 
compound interest, the appraisal for rate-fixing purposes must 
be of the entire investment without deduction of accrued depre- 
ciation. 

Second Mathematical Determination of the Replacement 
Fund. — The foregoing mathematical demonstration that the 
accumulation in a replacement fund for a plant of mature age, 
when computed by the compound interest sinking fund method, 
and actually earned should amount to a considerable sum, con- 
firms a conclusion which can be reached in a more direct way. 

In the assumed case of a plant which has a life of n years, 
and of which one-?tth has been constructed each year, after n 
years there will have to be replaced one-»th thereof each year. 
Because the annual investment in the installation has been 
uniform there will be, for each doUar invested per year, a total 
investment of n dollars. 

The annual replacement after n years, for each doUar annually 
invested, will be fi. If now the annuity to replace the several 
parts of the plant in n years is a dollars for each dollar of the 
annual investment, then after n years the annual amount re- 
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ceived as annuity will be na, and this will fall short of meeting 
the actual expenditures by an amount expressed by (i - •raa) 

which, at 6 per cent per annum, is the interest on — ~ 

o.o6 

dollars; or, expressed in percentage of the cost, is ~ 

6 n 

per cent of the total investment in the plant. 

For a plant not subject to further growth, with a uniform 
useful life of all its parts, and constructed progressively, there 
should be, at 6 per cent interest, an unexpended interest-bearing 
balance in the replacement fund as follows: 

When the useful life is five years: 
iQo^ (i — o 8870) 

30 

When the useful life is ten years: 

100^ (i - 0.1 ^ 

60 


= 37.7 per cent of the total investment. 


40.2 per cent of the total investment. 


When the useful life is twenty years: 
100^ (i - o 3437) 

120 


= 38.0 per cent of the total investment. 


When the useful life is forty years: 
100^ (i - 0.2383) 

240 


30.9 per cent of the total investment. 


If earnings have been adequate to provide an interest-bearing 
replacement fund, then these percentages represent the probable 
accumulation in such a fund. 

Some amount such as shown by these figures, depending on 
the expectancy, represents the accumulation of replacement 
annuities during that period of the plant’s life during which 
the actual replacement expenditures were less than the annuity. 
If the annual allowance for maintenance in the past has been 
based on the requirements of operation and repair without 
surplus to meet future replacements and if there has been no spe- 
cial allowance for amortization, the current allowance for amor- 
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tization and replacements should not be determined by the 
interest bearing sinking fund method based on original probable 
life but should be otherwise determined, as hereafter shown. 

When, in other words, opportunity is not given to accumu- 
late the 40 per cent of the invested capital (approximately) , which, 
for ordinary periods of useful life of perishable properties, should 
in the course of time be in a replacement, depreciation or amor- 
tization fund, any amount estimated from amortization tables 
on the original full period of useful life will fall short of the 
real replacement requirement. 

Illustration of the Replacement Requirements. — Let it be 
assumed that a conduit, such as a cast-iron pipe, used for any 
purpose, has a length of 40 miles. Let it be also assumed that 
the pipe is not being further extended, that the life of this pipe 
is 40 years, no more and no less, and that it was constructed 
progressively, one mile each year. It took 40 years to install 
the pipe, and at the end of this time the first mile of pipe laid 
was ready for replacement — it had served its time. Each 
year thereafter, one mile of pipe has to be replaced, and the 
replacement at this rate will continue indefinitely. The annual 
replacement expenditure during the first 40 years is nothing, 
but, thereafter, it is the cost of installing one mile of pipe. If 
prices of labor and material have remained constant, and if 
conditions have otherwise remained as they were when the first 
mile of pipe was laid, then the annual replacement expenditure 
will be one-fortieth of the total amount invested in the pipe line. 

Provision for this replacement must be made if the pipe is to 
continue in service. If, now, the extension of the pipe pro- 
gresses beyond the 40-year period at the same rate, before 
assumed, of one mile per year, there will be no changes in the 
annual replacement requirement during a second period of 40 
years, but at the end of this second period — at the end of 80 
years — there will be 80 miles of pipe in service, and thereafter 
during the third 40-year period there will have to be replaced 
annually 2 miles of pipe, or one-fortieth of 80 miles, or twice the 
amount of pipe extension per annum. 
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Determination of the Replacement Requirement. — It is pos- 
sible, by such analysis, when a plant is growing at a fixed rate 
and has attained an age exceeding the life of its perishable 
parts, to prescribe a rule for determining the replacement re- 
quirement; but it must be remembered that a rule thus deter- 
mined can be strictly correct only for the impossible hypothetical 
case of service in exact conformity with the assumed probable 
life, and that for practical apphcation a rule thus determined 
may require some modification as explained in Chapter VI. 

For each group of parts having the same length of Kfe, there 
is to be determined: first, the average annual capital invested, 
using, however, replacement cost instead of the actual invest- 
ment; and second, the full number of times that the age of the 
plant is greater than the useful life of the particular group of 
parts under consideration. The replacement requirement (for 
the hypothetical case, in which actual service conforms through- 
out with the assumed probable life) is then ascertained by 
multiplication. 

A pipe line may again serve as an illustration: Suppose it is 
desired to know the replacement requirement for a pipe line 300 
miles long, which has been extended 2 miles each year, the age 
of the oldest portion of which, therefore, is 150 years. 

The life of the pipe being taken at 40 years, the full number 
of times this is contained in 150 years is three. The anmial 
replacement requirement will be three times two, or 6 miles of 
pipe. 

The 6 miles of pipe requiring replacement were constructed 
40 years ago, and the, conditions rmder which this was done 
may have been materially at variance with those prevailing at 
the time of their replacement. Consequently, in the deter- 
mination of the replacement requirement, expressed in dollars 
instead of in miles of pipe, the replacement cost of the system 
and not the original cost of capital invested should be taken 
into account. Expressed as a percentage of the total length of 
pipe in service, or of the total cost of replacing the entire pipe 
line, this would be 2 per cent. 
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By the compound interest annuity method of computation, 
in the selected illustration at 6 per cent interest, the allowance 
for replacement would be 0.646 per cent of the cost of the sys- 
tem, which is only one-third of the actual requirement, and this 
allowance, as already explained, would only then be justified if 
amortization had covered the entire period in the life of each 
part of the pipe during which there was no expenditure for re- 
placements, so that the inadequate annual allowance could be 
supplemented by the earnings of an accumulated replacement 
fund. 

In a plant which is made up of a multiplicity of parts of 
various periods of usefulness, those which have the same expect- 
ancy should, as before stated, be grouped together. For each 
group, the replacement, requirement can then be estimated 
separately, and from the several amounts thus ascertained the 
total requirement is determined. 

The rule previously laid down for a hypothetical case is not 
strictly applicable under the conditions as they actually present 
themselves. There can be no absolute conformity between the 
assumed period of usefulness of the various parts of a plant and 
the time during which they actually prove useful. 

The probable useful life or expectancy is merely the average 
life, which is often not reached and is just as often exceeded. 
Thus, again referring to the pipe line, it is to be assumed that 
while some of it may serve beyond the average period of useful- 
ness of such pipe, other parts thereof, from one cause or another, 
will require replacement early in its life. Consequently, any 
rule such as that previously laid down, which indicates a uni- 
form replacement requirement in successive periods, with a 
sudden rise in the requirement at the beginning of each new 
period, if the plant be one that is steadily growing, will require 
some modification. 

The simplest modification of the foregoing rule is to assume 
gradual changes in the annual replacement requirement as the 
age of the plant increases, instead of the sudden changes, and 
I then to call this requirement at all times inversely proportional 
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to the useful life of any group of parts. This is sometimes re- 
ferred to as the '' Straight Line Method.^’ It might with equal 
propriety be called a direct percentage method, as the inverse 
ratio is usually expressed in percentage. 

Under this direct percentage method, there would be allowed 
2.5 per cent per annum of the replacement cost of all parts of a 
plant having a 40-year life; 3.33 per cent per annum of the re- 
placement cost of all parts having a 30-year life; 5 per cent per 
annum of the replacement cost of all parts having a 20-year 
life, and so on. 

This method, applied to the hypothetical case of a pipe line, 
constructed and extended one mile per year, and each mile 
thereof having a useful life of exactly forty years, would, at the 
end of the fortieth year, make the replacement requirement 2 5 
per cent per annum, or one mile of pipe. At the end of the 
sixtieth year, the requirement thus determined would be 2.5 
per cent of the 60 miles of pipe then in ser\ice, or 1.5 miles of 
pipe. This would be 50 per cent in excess of the amount actu- 
ally replaced, which at that time would be only one mile. This 
would also apply for any time before the pipe first laid has reached 
the limit of its usefulness, as at 20 years. In the assumed case 
there is no replacement requirement at 20 years; yet the straight 
percentage method indicates 2.5 per cent of 20 miles of pipe, 
or 0.5 mile of pipe. It follows from this illustration that 
the Straight Line Method would give results somewhat too 
high. 

By further analysis of this problem, the following formulas 
have resulted, which are free from this objection and fulfill 
every ordinary requirement. In devising these formulae, the 
fact was taken into account that there may be some replace- 
ment requirement in the early years of a plant^s life, and that 
this requirement gradually increases. These formulae apply 
only to plants which have been developed gradually and are 
being extended at a uniform aimual rate. 

Using the notation already introduced, and designating with 
C the total cost of replacing the group of items, the probable 
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useful life of which, when new, was n years, with c the annual 
renewal requirement, and with g the average annual investment 
in extensions, the formulae are: 


For m less than tty 


(17) 


2 n 2 n 

For m greater than n, 

n 2 

(18) 


For very large values of m in relation to n {n being the years 
of probable usefulness), the value of this expression approaches 
C 

- which is the mathematical equivalent of the Straight Line 
n 

Method. 

However desirable it might otherwise appear to introduce a 
method of computing the replacement requirement by recourse 
to amortization tables, to do this satisfactorily, in the case of a 
complex plant, is usually out of the question, when past earn- 
ings have been inadequate to accomplish the desired amortiza- 
tion. In such cases the use of some formula, as above noted, 
for estimating the probable replacement requirement is to be 
recommended and its application would be equitable from the 
standpoints of both the owner and the rate-payer. 

The Interest Bearing Annuity and the Replacement Require- 
ment. — When an annuity, bearing interest compounded annu- 
ally, is allowed to accumulate in a fxmd to retire invested capital, 
the demand upon the rate-payer is in annual installments It 
would be equally proper to make the demand upon the rate- 
payer for the replacement of each individualized article, at the 
full cost of replacement, at the time when the article is discarded. 
In this case the lump sum cost of replacement, equivalent to the 
amount of the annuity, will take the place of the installments. 
If the annuity installments are forthcoming as they are due, 
then the annuity method is adequate. If the owner of the 
property does not get them, recourse should be had to the lump 
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sum allowance due at the time of failure if capital is to be kept 
unimpaired. 

It is perfectly reasonable, moreover, to assume, unless there 
is evidence to the contrary, that the method of estimating and 
providing for replacement requirements, which prevails in any 
case, has been introduced deliberately. The owner of the pub- 
lic service property may be perfectly willing to waive collection 
of the annuity installments if he knows that what they will 
amount to, that is, the actual annual replacement, will be cov- 
ered by the gross earnings when the time comes for discarding 
parts of his plant. In other words, he may be willing to accept 
the amount of an annuity in lieu of the annuity itself; and the 
rate-payer may desire such an arrangement, because, in the 
early days of the plant’s life, he may be unable to pay a sufficient 
amount for the service to cover the replacement annuity. It 
must be remembered, however, that such an arrangement bur- 
dens the future rate-payer to some extent for the benefit of the 
rate-payer in the early days of a plant’s life. Not more so, 
however, than when, as is done by some appraisers, early losses 
are used as a measure of “ going value.” 

It follows directly from the foregoing that even when earnings 
cover current average annual replacement requirements, the 
appraisal for rate-fixing purposes may still be the entire invest- 
ment without deduction for depreciation. This will be the 
case whenever it can be shown that past earnings were inade- 
quate to permit the accumulation of a fund, out of earnings in 
excess of reasonable interest on the investment, which, if it ex- 
isted, would offset in whole or in part the so-called accrued 
depreciation. 



CHAPTER VI 


THE EFFECT OF NOH-AGREEMENT OF ACTUAL WITH 
PROBABLE LIFE UPON THE DETERMINATION OF 
THE DEPRECIATION OR REPLACEMENT REQUIRE- 
MENT 

Depreciation Estimates are Approximations. — Consideration 
is now to be given to depreciation as a factor affecting the 
required earnings. It is not enough to know what the theo- 
retical depreciation will be if estimated from the probable life 
of any article. Any article in use may be considered as being 
gradually consumed in the service. When no longer useful, it 
must be replaced. The replacement requirement therefore must 
be estimated. To do this properly something more must be 
known besides the cost, probable life, and age. It will be nec- 
essary to take the condition of the article into account — to 
give consideration in other words to the question of whether 
it will outlast its probable term of usefulness or not. To dis- 
regard this fact results in crude approximation and loose meth- 
ods of accounting which are undesirable. 

Probable Life is Based on Experience. — The sum of all ex- 
perience, so far as the same has been made a matter of record, 
fixes the probable life of various classes of articles. Some arti- 
cles in every class will fail early, others will survive their prob- 
able Kfe term. When any system of accounting is adopted 
under which the capital invested in individualized articles is 
to be retired during their probable life, some articles wiU fail 
before their cost is completely amortized and there will be 
others continuing to render efl&cient service after their cost has 
been completely amortized. The anomaly results of having to 
carry in the accounts a part of the cost of articles no longer in 
use but still in the process of amortization and also of having 
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wiped out the entire cost of others still in service, which judged 
by the accounts should have no value. 

Effect of Expectancy upon Present Value. — In order to 
weigh the advantages and disadvantages of these methods in 
their practical application some attention must now be given 
to the probable life and to the expectancy of the various ele- 
ments that go to make up a public service property 
When it is desired to know the present value of any article, 
the question is not “ how old is it and what did it cost? ” but 
how much longer will it serve and what will it cost to replace 
it? The first question might be asked when the accrued amor- 
tization of capital is to be estimated. The second question is 
to be answered when the current depreciation or the current 
replacement requirement are to be estimated. 

How then shall the expectancy be determined? 

All estimates of annual depreciation and of accrued depreci- 
ation are based on premises which cannot be determined with 
accuracy. The probable life of any article when new and the 
life expectancy of any article which has been in use for some time 
cannot be determined with any great degree of precision. Conse- 
quently estimates of depreciation are only approximations. 

Academic Discussion Justified. — There is much uncertainty 
in such estimates under the ordinary conditions under which 
public utilities are operated. A wide range in the method of 
making the estimates has been the result. When, therefore, 
the correctness of methods is under discussion, this difficulty of 
making close estimates should not be lost sight of. Neverthe- 
less, the academic discussion which is being indulged in by the 
engineer and the economist relating to best and most convenient 
methods of procedure is justified, because the same will lead to 
an ultimate standardization of methods and finally to the gen- 
eral adoption of the most convenient and generally best method, 
fair to both the rate-payer and the owner. 

Although this limitation be recognized as well as the uncer- 
tainties that result from imperfect knowledge relating to the 
actual and to the probable life of the elements of any public 
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service plant, and to the dif&culty of determining the expect- 
ancy of those articles which have already been in use for 
some time, it is nevertheless important that the whole ques- 
tion be fully considered in order that a framework may be 
constructed into which the best data furnished by experience 
can be fitted. 

The non-agreement of actual life of individual items with 
their probable life and the extent to which this lack of agree- 
ment should be taken into account in estimating present worth 
and in estimating replacement requirements, in line with this 
thought, has been studied on various assumptions with inter- 
esting results. These will be briefly referred to, and the re- 
sulting tables are presented for use until, in the light of larger 
experience, they can be replaced with better ones. 

Assumptions Relating to Departure of Actual from Probable 
Life. — Unfortunately there are no records available from which 
absolutely dependable tables of expectancy could be prepared 
for each class of perishable articles in use in connection with 
public service properties, such as have been prepared by actu- 
aries for human beings. Any assumption in this regard is more 
or less conjecture. Nevertheless, it is interesting to note what 
the expectancy would be at various ages, if certain definite 
reasonable assumptions are made. 

When any large number of articles which have the same 
probable life, as, for example, ten years, is under consideration, 
there will be as many service years in the aggregate, represented 
by the failures to reach the probable life term of ten years, as 
there will be service years represented by those articles which 
outlast the ten-year term. It may also be accepted as a cer- 
tainty that there will be a greater number of articles per year 
to go out of use in the years just preceding and just following 
the term limit than at any other time. This suggests conform- 
ity with the law of probabilities. 

All articles in a group having a ten-year probable life might 
fail (a) exactly at the end of ten years, but this is highly improb- 
able. The individual articles might fail (&) at a uniform rate 
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per year, one-twentieth each year, the last going out of service 
in the twentieth year. Or (c) there might be no failures at all 
for a number of years, as, for example, during the first half of 
the probable life term, and thereafter a uniform or an irregular 
rate of failures until some time after the end of the probable 
life term. Or (J) there might be a gradually increasing number 
of failures per year from the beginning to the end of the term 
of the probable life, and thereafter a. gradually decreasing num- 
ber of failures. 

Of these various possible distributions of failures to a series 
of years the most probable one is unquestionably (d). For the 
sake of a definite basis for calculation it has been assumed that 
the increase in the number of annual failures up to the maxi- 
mum and thereafter the decrease in the number of annual 
failures is uniform, that annual increase before the maximum 
and annual decrease thereafter are the same and that the maxi- 
mum rate is one-tenth of the whole number and occurs in the 
tenth year. On these assumptions studies have been made to 
determine the expectancy of any article which has reached any 
age with rather interesting results. These are presented not 
only as an improvement in the method of estimating probable 
remaining life or expectancy of any article which is no longer 
new, though still in good condition, but also to encourage further 
study along these lines, in order that, where necessary, closer 
approximation of the actual accrued and annual depreciation 
can be made than has heretofore been attempted. 

It should be stated that other hypotheses in the matter of the 
rate of failures were tried, but that no other gave results that 
appeared as reasonable as those based on the hypothesis as 
just stated. Thus, for example, the assumption was tried that 
I per cent of all articles of ten-year life fail in the first year, 
per cent in the second year, and so on, 9I per cent in the 
tenth, 9I per cent in the eleventh, per cent in the twelfth, 
etc., and | per cent in the twentieth, but with less satisfactory 
results for application in estimating remaining value and re- 
placement reqinrements. 
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And, again, the failures were estimated for each year on the 
assumption that they will occur according to the law of prob- 
abilities, coupled with the assumption that all failures will occur 
within a period twice as long as the probable life term. The 
results on this assumption will be again referred to. In so far 
as the results relating to replacement requirements obtained by 
the law of probabilities is concerned, it may be stated that 
these, while not at great variance with the adopted hypothesis, 
were yet too irregular in amount to warrant the use of the law 
of probabihties in place of the other more readily applied hy- 
pothesis. Either hypothesis of rates of failure may be used as 
a fair basis for approximation to actual conditions. There has 
appeared no good reason, therefore, for confining the study to 
the law of probabilities which after all would have to be applied 
with some such assumptions as made, of practically no survival 
beyond twice the probable life term and 50 per cent of all fail- 
ures within a period equal to four-tenths of the probable life 
term, or with other assumptions which would also be more or 
less of a conjectural nature. 

Tabular Illustration of Expectancy for 10,000 Articles. — In 

order to further consider the question of the expectancy of any 
article which is no longer new, let it be assumed that 10,000 
articles are installed at the same time and that all of these 
have the same probable life. Let the probable life term be 
divided into ten periods. Then according to the hypothesis re- 
lating to the annual failures, as already stated, there will be 100 
of these articles going out of use during the first period; 200 
in the second period; and so on to 1000 in the tenth period; 
thereafter 900 in the eleventh period; 800 in the twelfth period, 
etc., and 100 in the nineteenth period. 

On this hypothesis results are readily found as shown in 
Table 3, in which years may be regarded as representing 
periods. 
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TABLE 3 EXPECTANCY 

The probable life of each article is 10 years or pciiods. For terms other 
than 10 years, each year in the table may be regarded as a period equal 
to one-tenth of the probable life term 


(Based on the special hypothesis of failures as e 'plained in the text) 


Year or period 

For 10,000 articles 

Single article 

Number of 
failures 

Remaining num- 
ber of articles at 
beginning of year 

Remaining service 
years at begin- 
ning of year 

Expectancy at 
beginning of year 
or period 

I 

100 

10,000 1 

100,000 

10 0 

2 

200 

9,900 

90,000 

> 9*09 

3 

300 

9,700 

80,100 

1 8.27 

4 

400 

9,400 

70,400 

7.46 

5 

500 

9,000 

61 ,000 

6 77 

6 

600 

8,500 

52,000 

6 12 

7 

700 

7,900 

43,500 

S«5i 

8 

800 

7,200 

35,600 

4 95 

9 

900 

6,400 

1 28,400 

4 44 

10 

1000 

5.500 

22,000 

4 00 

II 

900 

4,500 

16,500 

3 67 

12 

800 

3,600 

1 12,000 

3 33 

13 

700 

2,800 

1 8,400 

3 00 

14 

600 

1 2,100 

5, 600 

2 67 

15 

1 soo 

1,500 

3,500 

2 33 

16 * 

400 

1,000 

2,000 

2 00 

17 

300 

600 

1,000 

I 67 

18 

200 

300 

400 

I 33 

19 

100 

100 

100 

I 00 

20 

0 

0 

0 

0 


Merit of the Assumed Law of Failures. — Although, under 
the hypothesis of failures on which Table 3 is based, there may 
still be considerable departure from The actual number of fail- 
ures in any year, there can be no question that this hypothesis 
is, as already stated, a much nearer approach to the truth than 
the other hypothesis heretofore generally accepted as a basis 
for calculation, that each article will fail theoretically at ex- 
actly the end of its probable life term. 

The last column of Table 3 shows that on the hypothesis as 
explained, an article which has a probable life when new of ten 
years will, if it is still in service and in good condition at the 
beginning of the tenth year, have an expectancy of four years 
and at the beginning of the fifteenth year, its expectancy will 
still be 2.33 years. 
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If the reasonableness of the assumption on which Table 3 is 
based be admitted, or if it should be possible to prove by actual 
records of failures that these assumptions are near enough to 
the truth to be accepted as giving results substantially correct, 
then a further analysis will show that the actual replacement 
requirements under various conditions of investment will be 
as shown in Tables 4 to 6. In the preparation of these tables 
account has been taken of the failures that will occur among 
the replacements as well as among the units of the original 
installations. 

Diagrammatic Illustration of the Assumed Rate of Failures. — 
The basis for the results in Table 3 for articles with a probable 
Kfe of ten years is shown diagrammatically in Fig. i. The 
expectancy is found by dividing the remaining service years at 
any time by the corresponding number of surviving units. The 
reversed curve marked Articles remaining in service” clearly 
indicates the hypothesis of failures on which the table is based. 
It is to be noted that under this hypothesis there is no serious 
departure from the results that were obtained by assuming that 
the law of probabilities would apply. 

Tabular Presentation of Replacement Requirements for 
Groups of Articles. — The replacement requirements, as shown 
in Table 5, for numerous articles which when new have a 
probable life of ten years, if failures occur substantially as as- 
sumed, and if each failing article be at once replaced, would 
increase from $i in the first year to about $10 in the ninth 
year for $100 of original investment, fluctuating thereafter be- 
tween $9 and nearly $12 per year and gradually settling down 
to $10 per year. For an annual investment of $100 per year 
(i.e., for a growing plant), the replacement requirements would 
gradually increase from $r per year in the first year to $463 in 
the fiftieth year, or from $i per $100 of investment in the first 
year to $6.01 in the tenth year to $8.16 in the twentieth and to 
$9.27 in the fiftieth year. 

In practical application, in other words, the annual replace- 
ment requirement in the case of a plant of full growth all parts 
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of which have a probable life of n years, after the plant is n 
years older than any of these parts, will be about one wth of 
their replacement cost. 

In a plant which continues to grow, the theoretical annual 
replacement requirement will gradually approach but can never 
quite reach one wth of the total replacement cost. (See Tables 
4 to 6.) 


TABLE 4 REPLACEMENT REQUIREMENTS 

Numerous Articles. Probable Life 5 Years 

Each article is replaced as it goes out of use For an original investment 
of $100 with no betterments or additions. Also for an investment growing 
at the uniform rate of $100 per year. 


(For the special hypothesis as stated m the text ) 


Year 

Plant of full growth, 
original investment 
Sioo 

Growing plant, annual investment $ioo. 

Replacements per year 

Replacements per year 

Replacements per Sioo 
of investment 

I 

$ 4 00 

$ 4 00 

$ 4 00 

2 

8 16 

12 16 

6 08 

3 

12 65 

24 81 

8 27 

4 

17 64 

42 45 

10 61 

5 

23 34 

65 78 

13 16 

6 

21 97 

87 7S 

14 62 

7 

21 16 

108 91 

IS s5 

8 

20 54 

129 45 

16 18 

9 

19 73 

149 18 

16 58 

10 

18 31 

167 49 

16 75 

II 

19 73 

» 187 22 

17 02 

12 

20 37 

207 60 

17 30 

13 

20 45 

228 05 

17 54 

14 

20 21 

248 25 

17 73 

IS 

19 90 

268 16 

17 88 

16 

19 87 

288 03 

18 00 

17 

19 91 

307 94 

18 II 

18 

20 03 

327 92 

18 22 

19 

20 06 

347 95 .1 

18 31 

20 

20.02 

368 00 1 

18 40 

' 21 

20 00 

388 02 

18,48 

22 

20 00 

408 00 

18 55 

23 

20.00 

428 00 

18 61 

24 

20 00 

448 00 

18.67 

2S 

1 

20 00 

468 ,00 

18.72 
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TABLE 5. REPLACEMENT REQUIREMENTS 

Numerous Articles. Probable Life 10 Years 

Each article is replaced as it goes out of use. For an original investment 
of $100 with no betterments or additions Also for an investment growing 
at the uniform rate of $100 per year. 


(For the special hypothesis as stated in the text ) 


Year 

Plant of full growth, 
original investment 
$100 

Growing plant, annual investment $100. 

Replacements per year 

Replacements per year 

1 

Replacements per $ioo 
of mv'estment. 

I 

$ I 00 

$ I 00 

! $l 00 

2 

2 01 

3 01 

I 51 

3 

3 04 

6 05 

2 02 

4 

4 10 

10 15 

2 54 

5 

5 20 

15 35 

3 07 

6 

6 36 

21 71 

3 ^2 

7 

7 57 

29 28 

4 18 

8 

8 87 

38 IS 

4 77 

9 

10 25 

48 39 

s 38 

10 

II 73 

60 12 

6 01 

II 

II 33 

71 46 

6 50 

12 

II 03 

82 48 

6 87 

13 

10 79 

93 27 

7.1S 

14 

10 60 

103 88 

7 42 

IS 

10 46 

1 114 34 

7 63 

16 

10 28 

124 61 

7 80 

17 

10 09 

134-70 

7 93 

18 

9 85 

i 144 -55 

8 08 

19 

9. S 3 

i 154 08 

8.12 

20 

9 10 

i 163.18 

8.16 

21 1 

9 53 

172,72 

S.23 

22 1 

9 S4 

1 182 56 

8. 30 

23 1 

10 os 

[ 192 60 

8.37 

24 1 

10 17 

202.77 

8 45 

25 1 

10 22 

: 212 99 

8 52 

26 1 

10 22 

223 .21 

8.59 

27 ! 

10 17 

233-38 

8 64 

28 

10 II 

243 49 

8 69 

29 

10 03 

253 52 

8.74 

30 

9 97 

263 49 

8 78 

35 

9 99 

313 31 

8 95 

40 

10 01 i 

363 40 

9 09 

45 

10.00 

413 40 

9-19 

50 

10 00 

463.40 

9 27 



1 14 VALUATION, DEPRECIATION AND THE RATE-BASE 


TABLE 6 . REPLACEMENT REQUIREMENTS 

Numerous Articles. Probable Life 20 Years 

Each article is replaced as it goes out of use. For an original investment 
of $100 with no betterments or additions. Also for an investment growing 
at the uniform rate of $100 per year. 


(For the special hypothesis as stated m the text ) 


Year. 

Plant of full growth, 
original investment 
$100 

Growing plant, annual investment $ioo. 

Replacements per year. 

Replacements per year 

Replacements per Sioo 
of investment 

I 

$0 

25 

$ 0 25 

$0 25 

2 

0 

50 

0 75 

0 38 

3 

0 

75 

I 50 

0 50 

4 

I 

01 

2 SI 

0 63 

S 

I 

26 

3 77 

0 76 

6 

I 

52 

5 29 

0 89 

7 

I 

79 

7 08 

I 01 

8 

2 

06 i 

9 14 

I 15 

9 

2 

33 

II 47 

I 28 

10 

2 

61 

14 08 

I 41 

11 

2 

90 

16 98 

I 55 

12 

3 

19 

20 17 

I 69 

13 

3 

49 

23 66 

I 82 

14 

3 

80 

27 46 

I 97 

15 

4 

12 

31 58 

2 II 

16 

4 

45 

36 03 

2 26 

17 

4 

69 

40 72 

2 41 

18 

5 

15 

45 87 

1 2 56 

19 

5 

51 

51 38 

2 77 

20 

5 

89 

57 27 

1 2 86 

21 

5 

74 

63 01 

3 00 

22 

5 

67 

68 68 

3 12 

23 

5 

60 

74 28 

3 23 

24 

5 

53 

79 81 

1 3 33 

25 

’ 5 

46 

85 27 

3 41 

26 

5 

40 

90 17 

3 49 

27 

5 

36 

96 03 

3 55 

28 

5 

31 

loi 34 

3.62 

29 

5 

.27 

106 61 

3 68 

30 

5 

22 

III 83 

3-73 

35 

4 98 

137.28 

3 92 

40 

4 56 

I6I .04 

4.03 

45 

4 97 

185,20 

4.12 

50 

5 

10 

210 54 

4.21 

55 

5*07 

236 00 j 

4.30 

60 

4.99 

261.20 

4 36 

^5 

4 98 

286 .09 

4.40 

70 

5.00 

311 .04 

4 45 


ACTUAL AND PROBABLE LIFE 


IIS 

TABLE 7 the REPLACEMENT REQUIREMENT IN THE CASE 
OF NUMEROUS ARTICLES AND A COMPARISON OP 
METHODS OF PROCEDURE 

Probable Life io Years 

With due regard to expectancy at various ages. Numerous articles. 
All installed at same time No additions to plant. Articles replaced as 
worn out. Original investment $ 100 . Interest 6 per cent. Net earnings 
6 per cent. 

(Based on the hypothesis of failures as explained in the text.) 

Straight Line Method FQ'^al i^nual Payment Unlimited Life Method. 


Prob- 


Year 

able 

repl’t 

requ’t 

Rem’g 

value 

Amorti- 

zation 

allow- 

Req’d 

earn- 

Rem’g 

value. 

Amorti- 

zation 

allow- 

Req'd 

earn- 

Rem’g 

invest- 

Repl't 

allow- 

Requ'd 

earn- 





ance 

mgs 

ance. 

mgs 

ment. 

ance. 

mgs. 

I 


00 

|ioo 

$10 

$16 

00 

$100 

$7 

59 

I13 

59 

$100 

$i 

00 

$7 

00 

2 

2 

01 

91 

10 

IS 

46 

93 

8 

01 

13 

59 

100 

2 

01 

8 

01 

3 

3 

04 

83 

IO 

14 

98 

«7 

8 

37 

^3 

59 

100 

3 

04 

9 

04 

4 

4 

IO 

76 

IO 

14 

56 

8i 

8 

73 

13 

59 

100 

4 

10 

10 

10 

5 

5 

20 

70 

10 

14 

20 

76 

9 

03 

13 

59 

100 

5 

20 

II 

20 

6 

6 

36 

65 

10 

13 

90 

71 

9 

33 

13 

59 

100 

6 

36 

12 

36 

7 

7 

57 

62 

10 

13 

72 

68 

9 

51 

13 

59 

100 

7 

57 

13 

57 

8 

8 

87 

59 

10 

13 

54 

66 

9 

63 

13 

59 

100 

8 

87 

14 

87 

9 

IO 

25 

58 

10 

13 

48 

64 

9 

75 

13 

59 

100 

10 

25 

16 

25 

IO 

II 

73 

58 

10 

13 

48 

64 

9 

75 

13 

59 

100 

TI 

73 

17 

73 

II 

II 

33 

60 

10 

13 

60 

65 

9 

69 

13 

59 

100 

II 

33 

17 

33 

12 

II 

03 

61 

10 

13 

66 

66 

9 

63 

13 

59 

100 

II 

03 

17 

03 

13 

IO 

79 

62 

10 

13 

72 

67 

9 

57 

13 

59 

100 

10 

79 

16 

79 

14 

IO 

60 

63 

10 

13 

78 

68 

9 

51 

13 

59 

100 

10 

60 

16 

60 

15 

IO, 

,46 

64 

10 

13 

84 

69 

9 

45 

13 ' 

■59 

100 

10 

46 

16 

46 

16 

IO 

28 

64 

10 

13 

84 




13 

59 

100 

10 

28 

16 

28 

17 

IO 

09 

65 

10 

13 

90 




13 

59 

100 

10 

09 

16 

09 

18 

9 

ss 

65 

10 

13 

90 




13 

59 

100 

9 

85 

15 

85 

19 

9 

53 

65 

10 

: 13 

90 

69 



13 

59 

100 

9 

S 3 

15 

53 

20 

9 

10 

64 

10 

1 

,84 

9 

45 

13 

59 

100 

I 9 

10 

15 

10 

21 

9 

53 

63 

10 

; 13 

78 




13 

59 

100 


S 3 

15 

S 3 

22 

9 

84 

63 

10 

13 

78 




13 

59 

100 

9 

84 

15 

84 

23 

: IO 

05 

63 

10 

13 

78 




. 13 

59 

100 

10 

,05 


OS 

24 

IO 

17 

63 

10 

13 

78 




13 

•59 

100 

10 

17 

16 

17 

25 

IO 

22 

63 

10 

13 

78 

’68 

9 

SI 

13 

59 

100 

10 

22 

16 

22 

26 

IO 

22 

63 

10 

13 

78 




13 

59 

100 

10 

22 

16 

22 

27 

IO 

17 

63 

10 

13 

78 




13 

•59 

100 

10 

17 

16 

17 

28 

IO 

II 

63 

10 

13 

78 




13 

59 

100 

10 

II 

16 

II 

29 

IO 

03 

64 

10 

13 

84 




13 

59 

100 

10 

03 

16 

03 

30 

9 

97 

64 

10 

13 

84 




13 

•59 

100 

9 

97 

15 

97 


i 


Departure of Actual Failures firom Assumed Laws. — While it 
may be granted that in the long run the failures of individual 
articles in any class wiU follow some definite law (perhaps a law 
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similar to that which has above been cited as more probable 
than failure always at the end of the probable life term), the 
fact remains that in no particular case, no matter how large a 
plant may be, will there be absolute conformity with any as- 
sumed law. Consequently figures determined on the basis of 
my reasonable hypothesis of failures can be used to prepare 
smoothed-out curves and from such curves, tables for general 
use can be prepared. It is enough to know for the present 
that ordinarily it may he assumed that the replacement require- 
ment of a large number of articles with a probable life of n 
years should increase progressively year by year to about one 
nth. of the cost of effecting complete replacement of all articles 
and that this rate of one ^th would be reached at about the 
^^th year. 

Table 7 has been prepared to show for numerous articles, all 
of which when new have a probable life of 10 years, the re- 
placement requirements on the assumption that failures actu- 
ally occur according to the hypothesis already explained, and 
to show their relation to the remaining value, the current amor- 
tization, and the required annual earnings estimated by the 
Straight Line and by the Equal Annual Payment methods of 
procedure, also the remaining investment, the replacement allow- 
ance, and the required earnings if estimated by the Urdimited 
Life Method. These methods of procedure, when rates for public 
utilities are to be fixed, are explained in Chapter IX. 

Expectancy of an Equivalent Single Article. — When numerous 
articles are under consideration, it may be desirable to know 
the expectancy of an equivalent single article, representing the 
aggregate of all the separate articles, which may be used to 
simplify the estimates of accrued and current depreciation. If 
the Straight Line Method of procedure is adopted and if nu- 
merous articles of the same kind and same individual cost are 
involved, and if it be assumed that actual life in each case will 
agree with the estimated probable life, then the expectancy of 
the equivalent single article will be the average of the remaining 
ages of the individual articles. But under all other methods of 
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procedure, even with the assumption of agreement between 
actual and probable life, this will not be the case. A full dis- 
cussion of this fact would be superfluous, but it is here stated 
as a caution against a possible erroneous assumption.* 

However, in view of the fact that the termination of service 
or failure of any article does not occur at the exact end of its 
probable life term, there would be no sense in attempting to 
establish the remaining probable life for group values unless 
hard and fast appraisal rules are laid down by those charged 
with the regulation of public utility rates coupled with adequate 
assurance that such rules will be adhered to. 

The Assumed Hypothesis of Failures. — It may be repeated 
that the foregoing Tables 4 to 7 are based on the hypothesis 
that failures of any group of articles of the same probable life 
will be most numerous at the end of the probable life term; 
that there will be a gradual uniform increase in the number of 
annual failures from the beginning to the end of this term; and 
that but few, if any, of the articles will have a life in excess of 
double that of the probable life of the article new. 

It may be repeated, too, that this hypothesis is not based on 
adequate experience, that it probably departs further from aver- 
age results than would be found under strict adherence to the 
law of probabilities, which is the basis of Table 13, and that it 
remains subject to modification as experience may determine. 
Until suitably modified, it offers, however, a better means of 
approximating remaining value of any article than is afforded 
when calculations are made from probable Kfe tables without 
regard to the condition of the article at the time of the valuation. 

Failures and Expectancy according to the Law of Probability. — 
A study has been made, as already stated, to see where the law 
of probability would lead, and the result of the comparison will 
be of interest. 

* The remaining life of an equivalent single artide, when computations are 
made by the Sinking Fund Compound Interest Methods, is noted in a paper m 
Transactions American Society of Civil Engineers, VoL XXV, p. S36, with ex- 
amples on a 4 per cent interest basis. 
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Let it again be assumed that practically no article of a large 
group, all of which have a lo-year probable life, will survive 20 
years or twice the probable life term, and that one-half or very 
nearly one-half of the failures occur within the two years just 
preceding and the two years just following the end of the prob- 
able life term. Then, according to the law of probability, and 
on the assumption that the failures may be bunched at the end 
of the successive years, there will be failures in each successive 
year as shown in Table 8. These are noted only to the nearest 
5 in 10,000, and in other respects are offered only as approxima- 
tions to demonstrate a law rather than the result of accurate 
computation. 

TABLE 8 FAILURES AND EXPECTANCY ACCORDING TO 
THE LAW OF PROBABILITY 

On the Assumption that no Article Survives Twice the Probable 
Life Term. 10,000 Articles Probable Life = 10 Years 


Year 

For 10,000 articles 

! Single article 

Number of 
failures 

Remaining num- 
ber of articles, 
beginning of year 

Remaining service 
years, beginning 
of year 

Expectancy at be- 
ginning of year. 

I 

IS 

10,000 

100,000 

$10 00 

2 

35 

9.98s 

90,000 

9 00 

3 

8s 

9,950 

80,015 

8 05 

4 

180 

9.86$ 

70,065 

7 II 

S 

330 

9 . 68 s 

60,200 

6 22 

6 

550 

9.355 

50.515 

s 40 

7 

805 

8,80s 

41,160 

4.78 

8 

1065 

8,000 

32,355 

4 04 

9 

1265 

6,935 

24,355 

3 52 

10 

1340 

S.670 

17,420 

3 08 

11 

1265 

4,330 

IE 750 

2 71 

12 

1065 

3,065 

7,420 

2 42 

13 

805 

2,000 

4,355 

2 18 , 

14 

550 

LI 9 S 

2,355 

I 97 

15 

330 

645 

1,160 

1 .80 

16 

180 

315 

515 

I 64 

17 

85 

13s 

200 

I 50 

18 

35 

50 

6S 

I 25 

19 

IS 

IS 

IS 

1 .00 

20 


0 

0 

0 
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In addition to the probable failures from year to year, 
Table 8 also shows the number of original articles in a group 
of 10,000 that will be still in service in any year; the probable 
remaining service years in the surviving articles of the original 
group; and the expectancy of any single article at any age. 

TABLE 9 REMAINING VALUE AND REPLACEMENT 
REQUIREMENT 

Remmning V\lub of Numerous Articles which hwe all comc inio 

USB AT TITE SAME TIME AND ALSO THE RCPLWEMEKr REQUIREMENT RE- 
MAINING Value of a Single Article Original investment $100. 
Probable Life 10 Years 


Failures assumed to occur according to the law of probability. G per 
cent interest 




Single article 

1 

i 

Numerous 

articles 

Year. 


Remaining value 

Remaining 

Replacement 


years Begin- 
ning of year 

Straight Line 
Method Be- 
ginning of year 

Equal Annual 
Pa> ment 
Method Be- 
ginning of year 

lalue Ec(ual 
Annual Pay- 
inint Method 

requirement 
Unlimited Life 
Method 

I 

0 

0 

0 

$100 00 

$xoo 00 

$100 00 j 

$ 0.15 

2 

9 00 

90 00 

92 41 1 

92 55 

35 

3 

8 05 

80 50 

84 57 

84 94 

0 85 

4 

7 II 

71 10 

yfi 79 

78 00 

T So 

5 

6 22 

62 20 

68 So 

69 61 

3 31 

6 

s 40 

54 00 

61 06 

63 34 

5 53 

7 

4 7S 

47 80 

55 00 

59 <>3 

S 12 

S 

4 04 

40 40 

47 49 

5^^ 23 

TO 80 

9 

3 52 

35 20 

41 92 

56 56 

X2 9=; 

10 

3 08 

30 80 

37 18 

58 99 

13 96 

II 

2 71 

27 10 

33.01 


13 62 

12 

2 42 

24 20 

29 70 


12 23 

13 

2.18 

21 80 

26 96 


10 47 

14 

I 97 

19 70 

24 53 

i 

9 01 

15 

I So 

18 .00 

22 50 

8r 07 ! 

8 II 

16 

I 64 

16 40 

20 ss 


8 04 

17 

I 50 

’ 15.00 

18 87 


S.S 3 

18 

I 25 

12 so 

15 S4 


9 33 

19 

I 00 

10 00 ' 

12.82 


10 16 

20 




62 86 

10 67 

21 





10 93 

22 





10 87 

23 



. 


10.56 

24 





10 18 

25 




'ss 8s 

9. 82 

26 





9 58 

27 





9 SS 

28 

29 

30 


... 


64 47 

9 ^4 
9.82 

9 92 
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Remaining Value and the Replacement Requirement according 
to the Law of Probability. — Table 9 has been prepared to show 
for numerous articles, all of which have a probable life term of 
10 years, the probable annual replacement requirement on the 
assumption that failures occur according to the law of probabili- 
ties, all articles going out of use within 20 years. There is also 
shown in the table the remaining value of these articles if esti- 
mated by the Equal Annual Payment Method, and also the 
expectancy of a single article with a lo-year probable life and its 
remaining value if computed by the Straight Line Method and 
by the Equal Annual Payment Method. 

Computation of Annuities to Meet Actual Replacement Re- 
quirement. — The computation of the annuities which would re- 
place each lot of annually failing articles, if the same be assumed 
to fail on any hypothesis similar to those already suggested, can 
readily be made and will prove instructive. It will be found 
that in every case the sum of all such annuities will exceed the 
annuity computed in the ordinary way from the average or prob- 
able life. If the computation be then extended to cover all 
articles remaining in service from year to year and to include 
also the new articles which have been added to replace the fail- 
ures, it will be found that in the early years the sum of the 
annuities is larger than the annuity computed by the use of 
probable life, in the ordinary way, that after a period in excess 
of the probable life term, the sum of the annuities will be a 
rniiiimum and somewhat less than that computed in the ordi- 
nary way, and that thereafter it will increase again to about the 
amount computed by the Straight Line Method. 

It will be unnecessary to introduce a complete calculation to 
illustrate this point and only the results for articles with a prob- 
able life of 10 years will be briefly referred to. 

Let it be supposed that of 10,000 articles, which all have a 
probable life of 10 years, 100 fail at the end of the first year; 
200 at the end of the second, 300 at the end of the third and so 
on to 1000 at the end of the tenth, 900 at the end of the elev- 
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enth, 800 at the end of the twelfth, and so on to the last 100 at 
the end of the nineteenth. 

By substituting dollars for articles and computing the annuity 
at 6 per cent interest required for the replacements of each year 
it will be found that an annuity of $94 will be required to 
replace the failures of the first year, an annuity of $97 to re- 
place those of the second year, an annuity of $94 to replace 
those of the third year, an annuity of $91 to replace those of 
the fourth year, and so on to the nineteenth year. The sum of 
these annuities is $1101 or ii.oi per cent. 

If the articles which fail each year are replaced and the re- 
quired annuities for these replacements are also taken into 
account then thetsum of the annuities at 6 per cent interest will 
be: II.OI per cent the first year, 10.17 second, 941 

per cent the third, 8.78 per cent the fourth, 8 26 per cent the fifth, 
7.86 per cent the sixth and so on to a minimum in about the 
fourteenth year of a little over 7 per cent, and thereafter grad- 
ually increasing to about ii per cent in the thirtieth year. 

Had the determination been made in the usual way, based on 
the assumption that no distinction need be made between the 
actual and the probable life, the allowance for replacements 
would have been 7.59 per year, continuously from the beginning. 
Conceding a moderate or even a wide range of error due to an 
almost arbitrary though reasonable assumption of the probable 
annual failures when average life is known, the result of the 
computation of what should be set aside annually on the annuity 
basis, to meet the replacements, when compared with the an- 
nuity determined from probable life new, shows that the latter 
is insufficient. 

The computation also shows that the required earnings based 
on this determination would be undesirably high at the begin- 
ning, in the early years, when they should be low. 

No further demonstration than the above will be needed to 
show the futility of depending on the Sinking Fund Method 
and the Equal Annual Payment Method as usually applied, 
when estimating the replacement requirements. 
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The legitimate and always applicable method of procedure 
when public utility rates are to be fixed, is that which the author 
calls the Unlimited Life Method. This does not involve any 
estimate of accrued depreciation, and only reasonable care in 
determining the annual replacement requirement. The replace- 
ment fund is kept apart and if error has been made in the as- 
sumption of the life of the items and the fund becomes either 
too large, or inadequate, the necessary correction can be applied 
in subsequent years. 
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THE PURPOSE OF THE APPRAISAL 
General Statement 

Various Purposes of Appraisal. — • The owner of an operating 
property is interested more in knowing what it has cost him 
than he is in the value of the property, until the time conies 
when a transfer of ownership is to be made or the business is 
to be capitalized. Generally, however, when any enterprise of 
considerable magnitude is involved the owner should, at all 
times, have a clear conception of its value. This can only be 
obtained by making the analysis of the investment and of oper- 
ating expenses in relation to revenue, and involves much more 
than a study of financial records. The condition and adapta- 
bility of a plant to the uses to which it is being put are involved 
and must be considered by the appraiser. Valuation, therefore, 
may be required: 

a. As a basis for a purchase and sale transaction. 

h. When the property is to be pledged as a security for a loan 
or as the basis for a bond issue. 

c. When the rates of a public utility are to be fixed or regu- 
lated, because the earnings resulting from the rates should be 
adequate to bring a suitable return on the investment and be- 
cause the charge for the service should be reasonable. 

d. As a basis for taxation. 

The taxation value bears or is intended to bear some definite 
relation to market value. This is not only true in the case of 
ordinary taxation, for the purpose of carrying on government, 
but also in the innumerable cases in which it becomes neces- 
sary to apportion to the property which is benefitted, the cost of 
some irdprovement in proportion to the benefits which it confers. 

123 
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Elements of Value. — No definite and final rules can be laid 
down as a guide for the appraiser in reaching his conclusions 
relating to value. He is directly concerned with the ascertain- 
ment, as definitely as circumstances will warrant, of the net 
revenue both present and prospective. He must give considera- 
tion to: 

The cost of construction. 

The cost to reproduce the property new. 

The relation of the property to actual or possible competing 
properties. 

The condition of the property, including its adaptability to 
the intended purpose 

The weight to be given to these items and the method of 
applying them in making valuations will be discussed in the 
proper chapters of this publication. 

When property with a salable output is valued for purchase 
or sale, or for capitalization, or bonding, the investigation must 
be extended to cost of operation and the market value, present 
and prospective of the service rendered or of the commodity 
furnished. 

In the regulation of rates, also, consideration should be given 
to the value that will result from the earnings and this likewise 
involves a comparison of operating costs with earnings, present 
and prospective, from whatever source. 

Valuation for Purchase or Sale 

When property is to be valued for purchase or sale, both the 
seller and the purchaser desire to know the value as determined 
from the excess of the earnings over the cost of operation. 

First Step — Determination of the Cost. — The first question 
to be answered in determining the amount that may reasonably 
be assumed to be invested in the property will be what has the 
property cost or what may it reasonably be assumed to have 
cost. Perhaps this can be ascertained from the cost records 
with due consideration of losses from unprofitable operation and 
with proper allowance for excessive promotion costs, for exces- 
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sive salary payments, for unprofitable or useless expenditures 
and losses by accident. When cost cannot be thus ascertained 
or whenever there is a doubt and the importance of a close ap- 
proximation warrants such procedure, the cost of reproducing 
the property is to be estimated. Proper allowance must be 
made, too, for all expenses of whatever nature connected with 
construction and with the establishment of the business. 

Second Step — Deferred Maintenance and Depreciation. — 
The second step will be to ascertain the deferred maintenance, 
if any, and the accrued depreciation. The accrued depreciation 
will be the difference between the cost of reproduction new and 
the present or remaining value of the items which make up the 
property and which are subject to depreciation. 

Third Step — Cost of Operation. — The third step will be the 
determination of the cost of operation. According to the na- 
ture of the business this may be directed to the aggregate out- 
put of commodities or service, or it may cover a segregated 
analysis of cost of operation for a variety of services or commod- 
ities. But the essential fact to be ascertained is the total out- 
lay including interest on the investment, salaries and wages, 
supplies, maintenance and repairs, current depreciation or re- 
placement requirements, and in the case of a franchise, or 
patent right with a limited life term, or in the case of an oil 
well or a mine with a limited oil or ore body, including also an 
amortization increment. 

Fourth Step — Earnings, Present and Prospective. — The 
fourth step will be the determination of the earnings, current 
and prospective, that will result from such charges for service or 
for the commodity as may reasonably be assumed to be proper 
and dependable. It is here, in the case of the public utility, that 
there may be much uncertainty due to the difiSculty of fore- 
casting the attitude of the rate-regulating authorities toward the 
public service corporation. For while it is true that private 
property may not be taken for public use without due process 
of law and that there must be no confiscation through inade- 
quate earnings, there is yet some uncertainty relating to the 
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compensation which, the owner may expect for establishing and 
managing the utility and also as to whether, in every case, the 
value of the service rendered has really justified the enterprise. 
There is much uncertainty, in other words, in relation to the 
earnings in excess of interest on the investment that will be 
permitted by the public service commissions, and, when value 
depends largely upon prospective business, there may be uncer- 
tainty, too, relating to the forecast of earnings on which the 
estimates of profits are based. 

Fifth Step — Determination of Profits. — The fifth step in- 
volves a comparison of the cost of operation with the antici- 
pated gross income. The excess of the income over cost of 
operation represents the profits of the business. The profits 
may be actual or they may be prospective. The profits both 
current and prospective in excess of interest on the investment, 
when capitalized, create an increment of value in excess of 
the investment. This increment of value may, according to 
circumstances, be apportioned to franchise, going value,’’ 

good-will,” patent right,” or any other classification of value 
that may seem appropriate. 

Real Estate Value. — The valuation of real estate may acquire 
special consideration. But here, as in the case of other revenue- 
producing property, the real test of value is the amount of the 
revenue which the property will produce. What is the rental 
value of the property^ This is the question to be answered. 
The appraiser will direct his inquiry to the gross income, imme- 
diate or prospective, which is dependable. He will ascertain the 
taxes and probable assessments for improvements to which the 
property is liable, and he will determine from these various 
items the net revenue which the property will produce. This 
net revenue, immediate and prospective including appreciation, 
will then determine the value. 

When the right of eminent domain is exercised to acquire 
real estate for some special purpose due consideration must be 
given to its serviceability for the intended use. This subject is 
further considered in Chapter X. 
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Appraisals as a Basis for Fixing Rates 

Protection of the Investment. — In determining the invest- 
ment on which the investor in public service properties should 
be allowed a reasonable return, all attendant circumstances 
must be duly considered. It may be stated, however, that, 
apart from the determination of the rate of interest which should 
result from the investment, it will be equitable and fair to con- 
sider the public service corporation as the agent of the State or 
municipality, as the case may be, and to determine in what 
situation the State or municipality would have found itself had 
there been no intermediate owner or public service corporation. 

Let it be assumed that the owner of a public service plant 
has made his investment under good expert advice, and that 
the plant is in every respect the same as, or equal to, what the 
people would have constructed for themselves. Let it be fur- 
ther assumed that the plant is free from debt, that it will have 
no residual value, and that it and all its parts will have an 
actual useful life of n years. The owner will then be entitled: 

First. — To a reasonable interest on his investment; 

Second. — To operating expenses; including maintenance, re- 
pair and replacement expenditures; 

Third. — To an annuity which, in n years, at compound in- 
terest, will amount to his investment; 

Fourth. — To reasonable compensation for managing the busi- 
ness which may be based on the volume of business transacted, 
and on the general prosperity of the community. 

Purpose of the Accumulating Replacement Fund. — If it be 
now supposed that the owner actually received these amounts, 
estimated on a proper basis, and that he allows the annuity at 
compound interest to accumulate so that amortization will be 
an accomplished fact at the end of n years, then, as he has 
command of the amortization fund, he will have a decreasing 
amount of capital actually tied up in the plant. This decreas- 
ing capital or remaining value of the plant is the complement 
of the growing amortization fund. This fund, in the case of a 
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plant which is to continue in service beyond the term of n years, 
is supposed to be held inviolable for the replacement of the plant 
at the end of its life. The owner reaps no benefit from it what- 
ever, beyond holding it as the means for replacing a worn-out 
plant. 

The value of the plant in its varied stages of depreciation, 
plus such amortization fund, should at all times be at least equal 
to the original investment. The owner, even if he gets an an- 
nuity, as here assumed, is entitled at all times to the interest, 
not on a plant valued at first cost or investment less deprecia- 
tion, but on the entire first cost. Had he determined, instead 
of building the plant, to keep his funds invested in safe securities 
at ordinary interest rates, he would, at the end of n years, have 
been in possession of his entire capital plus interest on the full 
amount thereof for the entire time. If, under the assumed 
facts, he were not allowed interest on the full amount invested 
in the public service plant, an injustice would be done. 

This is true even when replacement takes the place of amorti- 
zation. The owner in this case is entitled to interest on the 
entire capital invested in the plant, and, at the end of the 
plant’s usefulness, he is also entitled to a return of the capital 
itself. Suppose that a city constructs a plant, paying cash for 
it, and collects rates which will just 3deld a fair rate of interest 
on the investment. At the end of n years the plant is replaced 
with a new one of the same capacity. As the city has not 
included in its rates, theretofore charged, an increment for 
amortization, it now finds itself in possession of a new plant and 
a total investment twice as great as the cost of the first plant. 
Applying the same principles to the second plant, as to the 
first, rates should be doubled. This, of course, would be an 
absurdity. 

A charge by a city for service rendered which is less than 
sufficient to amortize the cost of the plant within its life may 
yet be equitable and proper, when the cost of the plant is inten- 
tionally put upon the whole community and not upon the rate- 
payer. 
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Rate-Base with and without Deduction of Depreciation. — 

The application of the fundamental principles, elsewhere noted, 
to any public utility plant will show that the determination of a 
rate-base without deduction from the capital actually but rea- 
sonably invested is a proper proceeding, provided, of course, 
that the replacement requirements are not overlooked and are 
computed by some proper method. 

It may be repeated that, when depreciated value or invest- 
ment less accrued depreciation is taken into account as a basis 
for computing necessary earnings, the current depreciation or 
amortization must be computed on the basis of depreciated value 
or investment and the remaining life of the plant or of its parts. 

This can best be made clear by an illustration: Let it be 
supposed that the passenger rates and the freight tariff on a 
steamboat line are subject to regulation, and that some one 
going into the steamboat business builds a steamer for the ser- 
vice. Let it be assumed, too, that in connection with this busi- 
ness he requires no capital investment other than the cost of 
the steamer; that terminal facilities, ofSce space, and whatever 
else he needs, are obtainable by rental. For the purpose of this 
illustration, let it be further assumed that the volume of busi- 
ness is such that there is no doubt about the income, so that 
the element of hazard is eliminated. 

If the steamboat has a life of 20 years, it will gradually 
depreciate in value and will go out of service at the end of a 
20-year period. Ignoring its possible scrap value, which is 
immaterial for the purpose of this illustration, the following 
questions are to be considered. 

At the end of 10 years, with interest at 6 per cent per annum, 
and earnings just sufficient to yield interest plus an amortiza- 
tion, figured for a 20-year life at $0.027185 on each dollar of 
the investment: 

1. What will be the value of the steamboat to the owner at 
the end of 10 years? 

2. What will be the amount that a purchaser can afford to 
pay for the steamboat at the end of 10 years? 
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3. What should be the earnings during the time the steam- 
boat is in possession of the original owner? 

4. What should be the earnings during the time the steam- 
boat is in the possession of a purchaser after 10 years of service? 

The first and second questions are answered elsewhere. The 
owner, by one line of reasoning, finds the remaining value in the 
steamboat to be 64.17 per cent; the purchaser, by a different 
line of reasoning, finds the same value. 1 

The third question, too, is answered elsewhere. The original 
owner is entitled to a net return during the entire period of his 
ownership of 6 per cent on his investment, which is at all times 
100 per cent. No deduction is to be made for depreciation 
because the fund which results from the accumulation of the 
amortization annuity, together with its interest, is available for 
no other purpose than the replacement of the steamboat at the 
end of its period of usefulness. It is dead capital, and remains 
dead until the property is disposed of or until required to replace 
the worn-out steamboat. The original owner, therefore, is en- 
titled to a return of 6 + 2.72 = 8.72 per cent per annum on 
his investment. 

In considering the fourth question, it may at first appear as 
though the purchaser, having invested only $64.17 on each 
$100 of original cost, could claim a return on this investment 
alone — that he should be allowed, in addition to the amortiza- 
tion as above determined, net earnings of $3.85 (6 per cent on 
$64.17) per annum on what he paid for each $100 of the 
original cost of the steamboat; that the valuation for rate-fixing 
purposes, in other words, should be the original investment less 
depreciation. Under the adoption of this view, it will be seen 
that, if the steamboat were sold repeatedly, there would be a 
constantly decreasing appraisal for rate-fixing purposes. 

In the last year of its service the valuation entitled to con- 
sideration in fixing earnings would be only 8.23 per cent. This 
view is unfair to the owner of the property, who should be 
assumed to be planning a continuation of the steamboat busi- 
ness. When he takes possession of the steamer, its value to 
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him, as already set forth, is $64.17 on each $100 of original 
cost, but, as owner, he at once finds that, of his capital ordi- 
narily available for other purposes, an amount equal to 35.83 per 
cent of the cost of a new steamboat is, to all intents and purposes, 
tied up in his steamboat business. It has become dead capital, 
for all purposes except replacement, so long as he remains in 
the steamboat business. This 35.83 per cent at interest at 6 
per cent is necessary to supplement the annuity regularly going 
into the amorti2ation fund, together with which at the end of 
the 20-year period it will just replace the steamer. Whether or 
not the 35.83 per cent is actually set apart is immaterial; the 
fact remains that ownership of the depreciating steamer renders 
this amount of capital as already stated unavailable or dead for 
any purpose other than replacement, and the new owner is 
entitled to interest on this 35.83 per cent just as well as on 
the 64.17 per cent which he paid for the steamer. 

The demonstration of this fact may be made as follows: The 
purchaser of the steamboat, who buys the boat when it has a 
remaining period of usefulness of 10 years, invests, as has been 
explained, $64.17 for each $100.00 of the original cost of the 
steamboat. He is unquestionably entitled to interest on this 
sum, together with amortization, which at the assumed interest 
rate of 6 per cent will be: 


Interest at 6 per cent on $64,17 per annum ^3* 85 

Amortization annuity for the remaining 10 years, during which 
the investment of $64.17 is paid back to the purchaser ($7.59 
on each $100) 4 87 

Total ... $8 72 


This is exactly the same as though, instead of the value of 
the steamboat, the capital originally invested had been taken 
into account, in which case the original owner or purchaser 
would be allowed: 


Interest at 6 per cent on the investment of $100 per annum $6.00 

Amortization annuity to retire $100 of the investment within the 
life of the steamboat, that is, within 20 years 2.72 

Total............ $8.72 
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Although it may be superfluous, one more illustration of this 
principle will be given* Let it be supposed that the owner 
borrows money from a bank at 6 per cent per annum to build a 
steamboat, and that he earns 6 per cent plus the amortization 
increment of 2.72 per cent. 

Of the $8.72 to his credit at the end of each year’s business 
for every $100 of capital invested, he pays the bank $2.72 on 
account of principal and so much of the remaining $6 as may 
be necessary to meet the interest then due. This will be all 
of the $6 the first year, and a decreasing amount thereafter 
until the end of the 20-year period, when his steamboat is re- 
tired, He then finds that he has paid back to the bank on 
account of the borrowed capital twenty annuity increments of 
$2 72, amounting to $54.40, and that there is still due to the 
bank $45.50. He also finds that the various amounts remaining 
in his hands from year to year, $0.16 at the end of the second 
year, $0.34 at the end of the third year, $0.52 at the end of the 
fourth year, and so on, together with interest thereon at 6 per 
cent, when computed for the 20-year period, will amount to the 
$45.50, the balance due at the bank. The owner finds he has 
earned nothing. He has invested no money of his own and has 
received no return, which is as it should be in this hypothetical 
case. The rates, however, throughout the entire 20 years were 
fixed on the principle that 6 per cent per annum should always 
be allowed on 100 per cent of the capital invested, together with 
the amortization annuity, but without any deduction for depre- 
ciation. They could not have been fixed lower without entailing 
loss to the owner. 

Unlimited Life. — The value of a revenue-producing property 
when the earnings thereof include an amortization annuity 
has already been discussed. It remains to consider the case of 
a property which, in addition to the accepted reasonable rate 
of interest (net), is without limit as to its time of serviceability, 
earning the estimated annual replacement requirement deter- 
mined by some formula, as above explained, instead of the 
annuity computed from amortization tables. 
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In this event the plant may be regarded as having unlimited 
life. Each part thereof as it wears out is replaced out of cur- 
rent earnings The owner does not maintain an amortization 
fund, neither is any of his capital rendered dead or unavailable. 
To him the value of the property is at all times 100 per cent, so, 
too, in the case of a purchaser Knowing that all replacement 
requirements are fully covered by the earnings, the purchaser is 
willing to pay 100 per cent for the plant, regardless of the 
amount of accrued depreciation. 

The case may be considered of a public service property 
whose earnings have been inadequate to supply any amortiza- 
tion increment, but which will in the future be able to earn the 
actual annual replacement requirement. The original invest- 
ment in this case having been 100 per cent and there having 
been no amortization annuity in the past, there can be no trans- 
fer of the propel ty at less than 100 per cent without loss, but 
if, by reason of inadequate returns, the market value could not 
be maintained at 100 per cent, and a sale has been made at less 
than this sum, the new owner will be compensated and pro- 
tected if, on liis investment wliich is not original cost, he earns 
reasonable interest and an adequate amount for replacements. 
This must be so, because, in the future, actual replacement re- 
quirements being covered by the earnings, the worn-out parts will 
be replaced without cost to the owner. This replacement neither 
increases nor decreases his investment; but, if the property is 
extended and new parts are added, such additions represent 
newly invested capital to the full amount of their cost, and in 
such a case his investment, expressed as a percentage of the 
total cost, will gradually increase. 

At all times, however, without causing loss to the new owner, 
that part of the plant which he bought at a depreciated value 
could be valued at his purchase price, while all extensions sub- 
sequent to the purchase, on the assumption that replacements 
are met out of earnings and that there is no amortization of 
capital, should, for rate-fixing purposes, be appraised at 100 per 
cent. Such a course, however, would deprive the new owner of 
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the opportunity for profit, of which he probably thought to 
avail himself when he bought a plant of depreciated value, and 
would place the rate-payer in the position of having made a 
profit at the expense of the original owner. This fact explains 
why the market value of stocks and bonds is cited so frequently 
as an indication of value. 

Improper Use of the Term Value.” — It may be held that 
a determination of value for rate-fixing purposes, on the princi- 
ples herein set forth, is not a determination of value at all. 
This may be true, but it then becomes a matter of defining 

value,” as used by the courts in order that a distinction may 
be made between value and the appraisal of the investment on 
which rates may be properly based. 

The term value ” has been very generally used in matters 
involving the fixing of rates in the past. When fundamental 
principles are better understood, more attention will be paid to 
the capital reasonably and properly invested. 

Under a system of permitting the owner of public service 
properties to earn from year to year the actual average replace- 
ment requirements, the necessity for a close distinction between 
repair and replacement disappears. This is of some advantage, 
as it is at best difficult to discriminate between small items of 
replacement and large repair items. 

Basis of Rates in the Boioxville Case. — The United States 
Supreme Court in the Knoxville case Knoxville vs, Knoxville 
Water Co. (212 U. S. i; 29 Sup. Ct, Rep. 148) says: 

“ A water plant, with all its additions, begins to depreciate in 
value from the moment of its use. Before coming to the ques- 
tion of profit at all the company is entitled to earn a sufficient 
sum annually to provide not only for current repairs, but for 
making good the depreciation and replacing the parts of the 
property when they come to the end of their life. The company 
is not bound to see its property gradually waste, without mak- 
ing provision out of earnings for its replacement. It is entitled 
to see that from earnings the value of the property invested is 
kept unimpaired, so that, at the end of any given term of years 
the original investment remains as it was at the beginning. It 
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is not only the right of the company to make such a provision, 
but it is its duty to its bond and stock holders, and, in the case 
of a public service corporation, at least, its plain duty to the 
public. If a different course were pursued, the only method of 
providing for replacement of property which has ceased to be 
useful would be the investment of new capital and the issue of 
new bonds or stocks. This course would lead to a constantly 
increasing variance between present value and bond and stock 
capitalization — a tendency which would ine\dtably lead to dis- 
aster either to the stock-holders or to the public, or both. If, 
however, a company fails to perform this plain duty and to 
exact sufficient returns to keep the investment unimpaired, 
whether this is the result of unwarranted dividends upon ovei 
issues of securities, or of omission to exact proper prices for the 
output, the fault is its own. When, therefore, a public regula- 
tion of its prices comes under question, the true value of the 
property then employed for the purpose of earning a return 
cannot be enhanced by a consideration of the errors of manage- 
ment which have been committed in the past.’’ 

According to this statement by the Court, the owner of a 
public utility should be required to exact prices for his output, 
which, at the beginning of operation and at all times thereafter, 
will cover the current depreciation of the physical elements of 
his plant. Yet, as elsewhere explained, in the early years, this 
is frequently impossible, and in nearly every case is inadvisable 
and would work unnecessary hardship upon the consumer. 
Losses in the early years when rate-payers are few are often- 
times unavoidable and these losses deserve consideration. Past 
history cannot be ignored if rates are to be so fixed as to be 
fair alike to the owner and to the rate-payer. In other words, 
not all shortage of earnings in the past is to be ascribed to 
errors of management. It is difl&cult to reconcile the language 
of the Court with this principle even as it is difficult to under- 
stand why so many of the Courts have held that value which 
results from earnings must be made the starting point when 
rates are to be fixed. 

“ Value Defined in the Minnesota Rate Cases. — Justice 
Hughes in delivering the opinion of the U. S. Supreme Court in 
the Minnesota Rate Cases (June 9, 1913) (230 XJ. S. 352) said; 
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“ The depreciation in question is not that which has been over- 
come by repairs and replacements, but is the actual existing 
depreciation in the plant as compared with a new one. It 
would seem to be inevitable that in many parts of the plant 
there should be such depreciation, as, for example, in old struc- 
tures and equivalent remaining on hand, and when an estimate 
of value is made on the basis of reproduction new the extent 
of existing depreciation should be shown and deducted. . . . 
And when particular physical items are estimated as worth 
so much new, if in fact they be depreciated, this amount should 
be found and allowed for. If this is not done, the physical 
valuation is manifestly incomplete. And it must be regarded 
incomplete in this case.” 

In the Minnesota Rate Cases the Master, in ascertaining a 
basis for rate fixing, had allowed the cost of reproduction new 
without making any deduction for accrued depreciation. The 
Master did not deny that there was depreciation but found that 
the same was more than offset by the appreciation in value of 
certain items. It was this finding which the Supreme Court 
refused to approve. 

The Supreme Court in its decision as usual makes value the 
starting point. Consequently the court says that depreciation 
must be deducted from the cost of reproduction new. But cost 
of reproduction is not value.^’ Not even the value of the 
property new is exactly determined by its original cost. The 
opinion of the court becomes illogical if it be conceded to be 
unnecessary to make value the starting point when rates are to 
be fixed. But the Master, too, seems to have overlooked this 
point and sought to find something, appreciation in this case, to 
offset depreciation. He was quite as much at fault as the 
Supreme Court. And yet the allowance of appreciation in de- 
termining present value as a basis for fixing rates or for the 
issue of bonds is not uncommon. Railroads claim appreciation 
of their road-beds. Though it may be granted that the com- 
pacted road-bed, long in service, is worth more than a recently 
constructed bed, this should have nothing to do with the fixing 
of rates, no more than accrued depreciation should have. The 
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new road-bed requires more careful watching and greater ex- 
pense for upkeep Consequently the net earnings are lower 
than they would be with the same volume of business, the same 
rates and a well-compacted old road-bed. If the resulting 
earnings are inadequate in the early years of business, the defi- 
ciency may be treated as a temporary investment to be amor- 
tized out of the larger net earnings of later years. 

Depreciation in the Pocatello Water Company Case. — The 
Supreme Court of Idaho in a recent decision (1915) in the 
Pocatello Water Company case, Murray vs. Public Utilities 
Commission (150 Poc. Rep. 47, p. 50), reversing the Public 
Service Commission of that State says in reference to deprecia- 
tion: 

“ So far as the question of depreciation is concerned, we think 
deduction should be made only for actual tangible depreciation 
and not for theoretical depreciation, sometimes called ^ accrued 
depreciation ' In other words, if it be demonstrated that the 
plant is in good operating condition and giving as good service 
as a new plant, then the question of depreciation may be entirely 
disregarded.” 

This decision is in substantial accord with the minority report 
of the Commission which had been made by A. P. Ramstedt 
and in which he said: 

“ A person having invested his money in a continuous busi- 
ness enterprise for the benefit of others must always be ready 
to replace the constructive portions of his plant as they wear 
out. A person having embarked on such an enterprise is justly 
entitled to compensation to cover this depreciation in addition 
to a fair return, over and above expenses, upon the reasonable 
value of the property. Allowance for depreciation cannot, in 
my judgment, be considered as profit or an earning factor in 
the business . . . The fact that in an investigation of the 
petitioner’s property ... it is found that the market value of 
his physical property employed for public use has depreciated 
$77,188.39 does not, in my judgment, justify the commission, in 
its determination of a fair value for rate purposes, to deduct 
the amount of depreciation from the present estimated cost of 
reproducing the property new, and thereby reduce the earning 
power of his property.” 
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The fact is evidently being recognized in Idaho as elsewhere, 
that the service rendered should always be 100 per cent good 
even though rendered by a plant whose physical parts are per- 
ishable and that if a 100 per cent valuation for rate purposes is 
fair when the plant is new it is equally fair when the plant is old. 

Wisconsin Railroad Commission on Investment as the Rate- 
base. — The view which the author takes relating to making the 
necessary original cost and not value the starting point 
when rates are to be fixed finds some support in the following 
statement by the Wisconsin R. R. Commission in the City of 
Appleton Case (Wis. R. C. R., Vol. 5, p. 220). 

For rate-making purposes the actual total investment, sub- 
ject to certain qualifications, seems to be the basis for deter- 
mining the reasonableness of the charges that may be exacted 
of the public for the services rendered or product furnished in 
certain jurisdictions. Of course where such information is not 
available, the reasonable value of the investment would have to 
be ascertained by some method of appraisement, and in such 
event the ^ actual total investment ’ doctrine would be inappli- 
cable.” 


Appraisals for Taxation Purposes 

The Taxation Value. — The tax value is usually intended to 
bear some definite relation to the market value. In some of 
the older Eastern cities of this country the tax value is intended 
to represent the full market value. Generally, however, this is 
not the case. Real estate will usually be found to be valued 
for taxation purposes at from 50 to 75 per cent of its market 
value and personal property sometimes still lower. 

The appraiser of tax values is therefore interested in market 
value and must give consideration to all the elements that go to 
establish market value, such as supply and demand, earning 
capacity present and prospective, rate of appreciation and the 
like. But this is a subject which is foreign to the purposes of 
this volume a^d may be dismissed with the above broad state- 
ment. 
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Appraisals for the Purpose of Capitalization 

Capitalization. — The primary matter to receive consideration 
when a property is to be valued for the purpose of capitaliza- 
tion is its earning capacity. What are the net earnings, pres- 
ent and prospective? When this question can be satisfactorily 
answered the problem has been solved. Inquiry must therefore 
be made relating to the total annual outlay involved in con- 
ducting the business enterprise. Operating expense of every 
kind including an adequate annual replacement requirement and 
an amortization increment if the life of the enterprise is limited, 
must be weighed against the assured present and prospective 
income. The resulting net earnings capitalized at the interest 
rate, which an enterprise of the nature under consideration 
should yield, will indicate the upper limit of value for capitali- 
zation. 

When a public utility is under consideration the problem 
may be complicated by the fact that rates and therefore the 
earnings are subject to regulation and in consequence of the 
control and regulation exercised by the public through its public 
service commissions, any great precision in estimating the gross 
present and prospective earnings may be out of the question. 
This may prove embarrassing particularly in those cases where 
the actual investment of capital is small but the volume of 
current business is large. In all cases the actual properly in- 
vested capital will be a first approximation of value for capital- 
ization purposes and usually the lower limit of such value if the 
property is one in successful operation. 



CHAPTER VIII 
THE FIXING OF RATES 
Public Utilities and the Regulation of Public Service 

Ownership of Public Utilities. — In the older countries the 
public utilities are generally owned and managed by the State 
or municipality. In the countries, on the other hand, which 
are but sparsely populated and in which the potentiahty of 
natural resources is large, private enterprise is usually depended 
upon to make the development. 

Certain utilities are almost universally publicly owned. This 
is true of city streets, very largely of country roads and bridges 
and, in most countries, of the sewers. There is probably not a 
city in the United States in which a charge is made for the 
service rendered by the sewer system. The benefit, in this case, 
to the community as a whole, of properly disposing of human 
excrement and such domestic waste as can be floated away with 
water, is generally recognized. There is no apportionment of 
cost to individuals, in other words, according to the value of 
the service. The cost of establishing and maintaining the sys- 
tem is raised by taxation. 

The streets and public roads, too, are generally built at public 
expense. But there are other utilities such as water-works, 
electric light and power works, gas-works, telephone systems, 
railroads and other transportation systems which may be either 
publicly or privately owned. The private ownership is usually 
exercised through a corporation. That this should be so is 
natural for the reason that stability of management is thereby 
secured, the element of uncertainty in the matter of the life of 
the owner being eliminated. 

Quasi-public Character of Public Utilities. — While the public 
service corporation is subject to the same general laws which 
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control other corporations operating for profit, they are accorded 
certain rights and privileges which give them a quasi-public 
character. They have the right of eminent domain, f.e., the 
privilege of taking, under due process of law, private property 
for their uses (subject, of course, to the making of adequate 
compensation therefor) and they may be accorded the privilege 
of occupying streets, roads and public places subject to reason- 
able regulations. 

The tendency of the day is to give the public service corpora- 
tions more and more monopolistic character and to trust to 
regulation and control for the protection of the public interest. 
This seems wise and should make for good service at reasonable 
rates, always provided that regulation be not too stringent and 
onerous and that the public service corporation be allowed to 
make a fair profit. 

The Disadvantage of Frequent Modification of Rates. — In 
some of the States, as until within recent years in California, 
the right to regulate has found its main expression in laws re- 
quiring the rates of certain utilities to be fixed annually. The 
water and gas rates have thus been under annual investigation 
in San Francisco, and the occasional establishment of rates 
which were thought inadequate has led to much long drawn- 
out litigation which has rarely resulted satisfactorily to either 
of the litigants. 

As the result of such litigation relating to water rates estab- 
lished by San Francisco for 1902-03 and for the years subsequent 
thereto, the court has allowed, temporarily, the collection of rates 
by the Spring Valley Water Company in excess of the limit 
fixed by the city authorities and the excess collected has been 
impounded and now (1915) amounts to over $1,500,000. It is 
only fair to say, however, that by recent amendment of the 
charter of the city, the rates will hereafter be subject to regu- 
lation by the California State Railroad Commission (Public 
Service Commission). 

When the established rate is made subject to frequent change 
and the owner of the utility is not allowed to earn more than 
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some predetermined interest return on his investment, the in- 
centive to improve the service falls away, because, if the owner 
succeeds in economizing, in producing his output at a lower 
cost, the immediate result will be lower rates and less earnings. 
The gross income may be reduced though, perhaps, the value of 
the service to the rate-payer may remain unaffected or may even 
be increased. Rates should not therefore be subject to change 
too frequently. If there must be a term during which the 
established rates will apply, let it be at least 5 years. 

Control and Regulation. — The acceptance of the privilege to 
operate a public utility carries with it a submission to such 
regulation as may be demanded by the public which grants the 
privilege. This regulation must be reasonable. The public 
utility owner is in business for profit. He invests his capital 
and applies his ability and experience to the development of 
enterprises that would otherwise remain dormant for a longer 
or shorter period. He brings within reach of the community, 
means of transportation, an adequate water supply, light, power 
and heat, telegraph and telephone facilities which all contribute 
to the growth and prosperity of the community. He does this 
because he considers his enterprise a good business venture. 

In the case of the commercial and industrial enterprise, too, a 
tendency may be noted toward monopoly which is likely to lead 
in time to regulation and control similar to that of the public 
utility. Whenever the operation of any concern acquires such 
magnitude that it can and does destroy the business of its com- 
petitors, it becomes monopolistic in character and the state is 
bound, sooner or later, to exercise its right to regulate and con- 
trol not only the method of conducting business, but in the end, 
perhaps, the prices to be charged for its output. 

Excessive and Fictitious Profits. — Where, in the rapid tran- 
sition from a frontier region to a state with stable industrial and 
commercial conditions, the advance in the value of real estate 
has been rapid and the opportunity for profit in many lines of 
business has been large, the owner of the public utility has fre- 
quently taken advantage of the opportunity and has capitalized 
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inordinate profits, sometimes real and sometimes fictitious. 
Where there were no public service commissions ~ and these 
are a relatively new institution, — the accounts were kept in a 
fashion to suit the manipulator. Apparent profits were used 
as the basis for a distribution of dividends and for the issuance 
of stocks and bonds, and the rate-payer was charged to the 
limit. 

The Right to Regulate Rates, — The right to regulate rates is 
now quite generally recognized. Without such right every cor- 
poration which has a monopoly would have the public at its 
mercy and could charge for its ser\dce all that the traffic will 
bear. 

The right to regulate, if properly exercised, should in the long 
run prove of advantage to the owner of the utility. Fair regu- 
lation will insure to the owner what he is entitled to and will 
protect him against unfair competition such as has frequently 
been the result of opportunity to capture with a relatively small 
outlay the cream of the business. 

Under proper regulation the owner of every public utility whose 
existence is justified by all attendant circumstances, should get 
the protection of his legitimate reasonable investment, also a fair 
interest return on this investment and should recover all the 
necessary operating expenses including replacement requirements. 
He should receive such treatment that at some time, by amor- 
tization of the capital which he has invested, or by a sale to 
some purchaser, he can withdraw from the business without loss, 
provided of course, that he has exercised due foresight and has 
not met with unavoidable losses such as may be caused by 
floods or earthquakes. 

Regulation Essential. — The necessity for regulation has now 
become apparent. The practice of granting perpetual franchises 
with unwise privileges has fallen into disfavor. This first be- 
came manifest in laws permitting the periodical regulation of 
public service rates by local, municipal and county authorities. 
Thus, for example, in California the Constitution of the State 
(in effect Jan. i, 1880 but now modified) provided: 
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“ The use of all water now appropriated, or that may here- 
after be appropriated, for sale, rental, or distribution, is hereby 
declared to be a public use and subject to the regulation and 
control of the State, in the manner to be prescribed by law; 
provided, that the rates or compensation to be collected by any 
person, company or corporation in this State for the use of water 
supplied to any city and county, or city or town, or the inhabi- 
tants thereof, shall be fixed annually by the Board of Super- 
visors, or City and County, or City or Town Council, or other 
governing body of such city and county, or city or town, by 
ordinance or otherwise, in the manner that other ordinances or 
legislative acts or resolutions are passed by such body, and shall 
continue in force for one year and no longer. Such ordinances 
or resolutions shall be passed in the month of February of each 
year, and take effect on the first day of July thereafter. 

(Art. XIV, Sec. i) (1880) 

The right to collect rates or compensation for the use of 
water supplied to any county, city and county, or town, or the 
inhabitants thereof, is a franchi.se, and cannot be exercised ex- 
cept by authoritv of and in the manner prescribed by law.” 
(Art. XIV, Sec. 2) (1880) 

In any city where there are no public works owned and 
controlled by the municipality, for supplying the same with 
water or artificial light, any individual, or any company duly 
incorporated for such purpose, under and by authority of the 
laws of this State, shall under the direction of the Superinten- 
dent of Streets, or other officer in control thereof, and under 
such general regulations as the municipality may prescribe for 
damages and indemnity for damages, have the privilege of using 
the public streets and thoroughfares thereof, and of laying down 
pipes and conduits therein, and connection therewith as far as 
may be necessary for introducing into and supplying such city 
and its inhabitants either with gas light or other iUunainating 
light, or with fresh water for domestic and all other purposes, 
upon the condition that the municipal government shall have 
the right to regulate the charge thereof.” (Art. XI, Sec. 19) 
(1884) 

San Francisco Charter Provisions relating to Rates. — The 
Charter of the City and County of San Francisco (in effect 
January 8, 1900) mentions, among the powers of the Supervi- 
sors: 



THE FIXIXG OF R*\TES 


145 


To fix and determine by ordinance in the month of February 
of each year, to take effect on the first day of July thereafter, 
the rates of compensation to be collected by any persons, com- 
pany or corporation in the City and County, for the use of water, 
heat, light or power, supplied to the City and County or to the 
inhabitants thereof, and to prescribe the quality of the service.” 

The enforcement of such laws as these has, at times, proven 
embarrassing to the public service corporations, and has given 
rise to charges of corruption, to wrangling and to litigation, 
unfortunate alike for the corporations and for the public. The 
remedy has been sought in national and state control, this con- 
trol being exercised through National and State Commissions. 

The Interstate Commerce Act. — The Interstate Commerce 
Act in line with this idea was approved on February 4, 1887. 
The purpose of this Act may be stated as follows: 

The principal objects of the Interstate Commerce Act were 
to secure just and reasonable charges for transportation, to pro- 
hibit unjust discrimination in the rendition of like services under 
similar circumstances and conditions; to prevent undue or un- 
reasonable preferences to persons, corporations or localities; to 
inhibit greater compensation for a shorter than for a longer 
distance over the same line; and to abolish combinations for 
the pooling of freight.” (Interstate Commerce Commission vs, 
Baltimore & Ohio Railroad Co., etc., 145 U. S. 263.) 

Public Service Control in Massachusetts. — The creation of 
a Board of Railway Commissioners in Massachusetts in the early 
sixties may be noted. A Gas and Electric Light Commission 
followed in 1885. The Board of Highway Coxnmissioners in 
that State controls the Telegraph and Telephone Companies. 

Public Service Control in California. — The Constitution of 
California, which went into effect on Jan. i, 1880, contained a 
provision for a Railroad Commission. But its powers were lim- 
ited and its work was not effective. By an amendment to the 
Constitution in 1911 the powers of the Commission were more 
clearly defined and its work speedily met with deserved approval. 
By further amendment the powers of the Railroad Commission 
were extended (Mar. 28, 1911) to all other public utilities so 
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that the Railroad Commission of California is now in effect a 
public service commission. 

Sec. 23 of Art XII of the California Constitution now pro- 
vides: 

Every private corporation, and every individual or associa- 
tion of individuals, owning, operating, managing or controlling any 
commercial railroad, inter-urban railroad, street railroad, canal, 
pipe line, plant or equipment, or any part of such railroad, 
canal, pipe line, plant or equipment, within this State, for the 
transportation or conveyance of passengers or express matter, 
or freight of any kind, including crude oil, or for the transmission 
of telephone or telegraph messages, or for the production, gen- 
eration, transmission, delivery or furnishing of heat, light, water 
or power or for the furnisliing of storage or wharfage facilities, 
either directly or indirectly, to or for the public, and every 
common carrier is hereby declared to be a public utility subject 
to such control and regulation by the Railroad Commission as 
may be provided by the Legislature, and every class of private 
corporations, individuals or association of individuals hereafter 
declared by the Legislature to be public utilities shall likewise 
bt subject to such control and regulation. The Railroad Com- 
mission shall have and exercise such power and jurisdiction to 
supervise and regulate public utilities, in the State of Califor- 
nia, and to fix the rates to be charged for commodities furnished, 
or services rendered by public utilities as shall be conferred upon 
it by the Legislature, and the right of the Legislature to confer 
powers upon the Railroad Commission respecting public utilities 
is hereby declared to be plenary and to be unlimited by any 
provision of this Constitution,^’ 

The California Public Utilities Act by an amendment in effect 
August 10, 1913, proAudes: 

The Term ‘ public utility,’ when used in this act, includes 
every common carrier, pipe line corporation, gas corporation, 
electrical corporation, telephone corporation, telegraph corpora- 
tion, water corporation, wharfinger and warehouseman, where 
the service is performed for, or the commodity delivered to, the 
public or any portion thereof. The term ^ public or any portion 
thereof,’ as herein used, means the public generally, or any lim- 
ited portion of the public including a person, private corpora- 
tion, municipality or other political subdivision of the state, for 
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which the service is performed or to which the comraodity is 
delivered^ and whenever any common carrier, pipe line corpora- 
tion, gas corporation, electrical corporation, telephone corpora- 
tion, telegraph corporation, water corporation, wharfinger or 
warehouseman performs a service or dehvers a commodity to the 
public or any portion thereof for which any compensation or 
payment whatsoever is received, such common carrier, pipe-line 
corporation, gas corporation, electrical corporation, telephone 
corporation, telegraph corporation, water corporation, wharfingef 
or warehouseman is hereby declared to be a public utility subject 
to the jurisdiction, control and regulation of the commission and 
the provisions of this act. Furthermore, when any person or cor- 
poration performs any service or delivers any comraodity to any 
person or persons, private corporation or corporations, munici- 
pality or other political subdivision of the state, which in turn 
either directly or indirectly, mediately or immediately, perform 
such service or deliver such commodity to or for the public or 
some portion thereof, such person or persons, private corpora- 
tion or corporations and each thereof is hereby declared to be a 
public utility and to be subject to the jurisdiction, control and 
regulation of the commission and to the provisions of this act.” 

Public Service Control in New York. — In New York there 
has been for many years a Railroad Commission. In 1905 a 
Commission was established for the control of gas and electric 
corporations. In 1907 these commissions were superseded by 
two public service commissions, which were not however given 
control over water companies. 

Public Service Control in Wisconsin. — In Wisconsin, too, the 
need for regulation of transportation rates first found expression 
in the creation of a railroad commission and, as in the case of 
California, the powers of this Commission were subsequently 
extended so that it is now a public service commission. This 
Commission exercises the same control over municipally owned 
utilities as over those which are privately owned. It has accom- 
plished much of the pioneer work in standardizing methods of 
procedure and its work is of great value in establishing the fun- 
damental principles of valuation as a basis for the fixing of rates. 

Public Service Control in Other States. — Many other states 
have public service commissions or railroad co mm issions with 
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duties and powers of a public service commission. Georgia, Ore- 
gon, Nebraska, Oklahoma, Maryland, Colorado, Florida, Illinois, 
Indiana, Iowa, Maine, Missouri, Pennsylvania, Rhode Island, 
South Carolina, Vermont and other states started off with a 
railroad commission. Arizona, Kansas, Nevada, New Jersey, 
New Hampshire and Oklahoma have their public service com- 
missions more or less liberally endowed with powers of regula- 
tion and control. 

Supreme Court of Wisconsin on the Powers of the Railroad 
Commission. — All the powers which a public service commis- 
sion has are conferred upon it directly by the people or by 
legislative enactment. Its function is to make administrative 
regulations. Its powers are not legislative. On this point the 
Supreme Court of Wisconsin says (Minn. St. Paul and Sault 
Ste Marie Ry. Co. vs. Railroad Com. of Wls., 136 Wis. 146): 

The division of the governmental powers into executive, 
legislative and judicial, while of great importance in the creation 
or organization of a State, and form the viewpoint of institu- 
tional law and otherwise, is not an exact classification. No such 
exact delimitation of governmental powers is possible. In the 
process of enacting a law there is frequently necessary the pre- 
liminary determination of a fact or a group of facts by the 
Legislature, and it is well settled that the Legislature may de- 
clare the general rule of law to be in force and take effect upon 
the subsequent establishment of the facts necessary to make it 
operative or to call for its application. . . . The Legislature 
may delegate any power, not legislative, which it may itself 
rightfully exercise. This power to ascertain facts is such a 
power as may be delegated. . . . This law established, and 
thenceforth assumes the existence of rates, charges, classifica- 
tions and services, discoverable by investigation but undisclosed, 
which are exactly reasonable and just. It commits to the Rail- 
road Commission the duty to ascertain and disclose that par- 
ticular rate, charge, classification or service. The law intends 
that there is only one rate charge or service that is reasonable 
and just. ^ When the order of the Commission is set aside by the 
Court, it is because this reasonable and just rate, charge, classifi- 
cation or service has not yet been correctly ascertained. When 
the order of the Commission has been rescinded or clranged by 
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the Commission because of the changed conditions it is because 
there is a new reasonable rate to be ascertained and disclosed, 
applicable to such new conditions and fnccd by force of law 
immediately when the new conditions came into existence. But 
the theory and the mandate of the law is that this point is 
always discoverable although not always discovered. Until it 
is discovered and made known the former rates and service pre- 
vail. The order of the Commission is prima facie evidence that 
the rate, charge or service found and fixed by it is the particular 
rate, charge or service declared by the Legislature in general 
terms to be lawful and to be in force. If it were conceded that 
the Commission had power or discretion to fix one of several 
rates, either of which would be just and reasonable, it would be 
hard to say that this was not a delegation of pure legislative 
power to the Commission. But the theory of this law is to dele- 
gate to the Commission the power to ascertain facts and to make 
mere administrative regulations. 

The notion that commissions of this kind should be closely 
restricted by the courts, and that justice in our day can be had 
only in courts, is not conducive to the best results Justice dwells 
with us as with the fathers; it is not exclusively the attribute 
of any office or class, it responds more rapidly to confidence than 
to criticism, and there is no reason why the members of the great 
Railroad Commission of this State should not develop and es- 
tablish a system of rules and precedents as wise and beneficent 
within their sphere of action as those established by the early 
common-law judges. We find the statute well framed to bring 
this about.'' 

Competition in the Public Service. — Before the advantage 
of cooperation and combination leading to monopolistic control 
was fully realized by the owners of business ventures, it was 
common belief that free and unrestricted competition should be 
encouraged and would result in permanent advantage to the 
public. The fallacy of this view when large public servdee con- 
cerns are involved is now generally recognized. The competi- 
tion in the case of such concerns may result in a momentary 
lessening of rates but in the long run the rate-payer or the security 
holder will be the sufferer. The temporary advantages may be- 
come a permanent burden. 
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Cooperation Between he Public and the Owner. — The treat- 
ment of the public service coq^oration should be such as to en- 
courage tlie undertaking of other public service enterprises. It 
should not be a hard and fast rule that a fixed rate of return will 
be allowed in all cases. The owner should feel that good man- 
agement will be rewarded. There is perhaps no better way of 
securing the desired hearty and cordial cooperation between the 
owner of the utility and the public than by the introduction of 
a system of profit sharing. This has been done with apparently 
great success in Chicago and other cities where revenue in excess 
of an agreed interest return on an appraisal of street car lines is 
divided on a reasonable basis between the city and the owner. 
So, too, in Boston, for every decrease of 5 cents per 1000 cubic 
feet in the charge for gas the Gas Company is permitted to 
increase its dividend rate one per cent. The consumer benefits 
by the lower rate, the Gas Company by the larger dividend. 

Attitude of the Public Service Commissions. — Public ser- 
vice commissions were not created to assume an attitude hostile 
to the public service corporations. While they must protect the 
public against excessive charges for the sersdee rendered and 
must see to it that there will be no discrimination against in- 
dividuals, they are likewise charged with the duty of allowing 
the corporations to do business on a fair basis. It must not be 
expected, however, that mistakes will not be made. As the 
records to date are read, such mistakes will be found in both 
directions. On the whole the attempt to be fair is generally 
recognized and tlie confidence of the people in their public ser- 
vice commissions is growing from day to day. 

The Rate-Base 

Net Earnings as a Basis of Value* — When there is no com- 
petition and no restriction by law or otherwise upon the charges 
which may be made by public utilities for commodities furnished 
or for service rendered, it is safe to assume that these charges 
will be fixed on the broad principle of all the traffic will bear.’’ 
This does not mean ah that the rate-payer would be willing to 
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pay rather than to be deprived of the commodity or of the ser- 
vice, but that amount which the owner finds to be best adapted 
to maintain and increase his aggregate profits. He will in deter- 
mining this amount give consideration to all elements of cost, 
to his investment, to the hazards of the business, to the possible 
profitable extension of his business, to the value of the service 
and to profit. When rates are thus established by an owner, 
the net earnings bear no definite or fixed relation to the invest- 
ment and the value of the business is to be determined from a 
consideration of the present and prospective net earnings and 
of those elements which determine the permanency of the 
business. In such a case, in other words, it is proper to capi- 
talize assured net earnings to determine value. When value 
thus ascertained is in excess of cost, the excess represents profit 
and such excess has been all too frequently used as a basis for 

watering stock and for over-bonding. Not only has this 
been the case, but, by ignoring depreciation, or by making 
inadequate provision for the replacement of worn-out parts, it 
has sometimes been possible to make the net earnings appear 
greater than they actually were, and thus to further swell the 
apparent though, in part, fictitious value. 

It is fundamentally sound policy to encourage the develop- 
ment of the natural resources of any country, state or region 
by permitting those who establish public utilities to earn a rea- 
sonable profit on the investment made for the benefit of the 
public, and to earn a fair interest rate, provided that the invest- 
ment has been wisely made. 

The Public Utility Affects the Value of Other Property. — No 
necessary public utility can be established without at once adding 
to the value of all real property in the district which it serves. 
The profit resulting from the establishment of the utility is 
general. No water-supply system can be put in to serve a 
municipality, no work for the improvement of a water-supply, 
such as high pressure fire protection can be added to the system 
without adding value to vacant lots as well as to those already 
built upon. Value is added when gas and electricity are brought 
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witliin reach, when streets are improved, when sewers are built, 
when tunnels or bridges for better intercommunication are con- 
structed. The addition of this value cannot always be imme- 
diately capitalized but it is neveitheless an asset and should 
not be entirely lost sight of when rates are to be fixed. 

This point is here brought out in order that the reasonable- 
ness of allowing the owner of the public utility a fair profit in 
addition to ordinary interest on his investment may be realized. 

Public Contribution to the Revenue of Public Utilities. — The 
owner of real estate or other property even when not served by 
the utility, may reasonably be required to make a direct contri- 
bution toward its earnings. Not all of the revenue should, in 
other words, come from the rate-payers. It is frequently prac- 
ticable to secure a contribution from the property owner who 
is not a rate-payer by establishing a high rate for the service 
rendered to the public and thereby reducing the rate for the 
service to the rate-payer, or by a remission of local taxes in 
whole or in part, or by granting a bonus when a new installa- 
tion is involved. 

When an effort was made some years ago by a rival telephone 
company to secure permission to operate in San Francisco, the 
inducement of free service for all city departments was held 
out. The advisability of accepting the offer of the outside com- 
pany was passed upon by the author, who was at that time 
City Engineer of San Francisco, and the disadvantage of com- 
petition in the telephone service was pointed out. The new 
company did not acquire the requested privilege at that time, 
though it did so under a later administration. The acceptance 
of the offer to render service free to the City, while attractive, 
was unfair to the rate-payer who is thereby made to carry, not 
only the full burden entailed by the telephone service of which a 
part should be carried by the vacant lot, but also the additional 
amount which is saved to the City by free service. 

While it would be correct in principle and economically sound 
to let a suitable part of the revenue of every public utility be 
provided by a general tax, the application of this principle is 
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not as simple nor as easy as appears at first view. The main 
difficulty lies in the fact that tax rates are already high and that 
the layman sees the force of the argument that the payment 
for the individual service rendered should be measured by the 
cost of the service It is convenient to ignore the unearned 
increment that goes to the parties who are not served by the 
utility and it has become customary to ignore the same, conse- 
quently, the practice of letting the rate-payer carry the full 
burden may be expected to continue with only rare exceptions. 

Cost of Rendering the Service as a Modifier of Rates. — In 
the case of the service rendered by certain utilities special effort 
is made to determine the cost of serving various classes of cus- 
tomers in order that the charge for the service may bear some 
direct relation to the cost of rendering the service in each class. 
This may be unwise. The prime consideration is what should 
the rate-payer in each class be asked to pay when his ability to 
pay is weighed against that of the rate-payers in other classes. 
Perhaps the establishment of class service is not always the best 
procedure, but it is legitimate and at present apparently the 
only practicable way of conducting certain business enterprises. 
There is no intent to find fault with the system except only to 
say that, if cost to serve the individual rate-payer were made 
the criterion of the charge for the service, there would be practi- 
cally as many rates as there are rate-payers. In the application 
of the principle, therefore, whether always sound or not, it has 
become customary to classify the service and within the estab- 
lished classes to make the charge uniform. 

Consideration is to be given, then, when rates are to be fixed, 
not alone to the total amount of the earnings, but also to their 
distribution to various classes of consumers. This is a subject 
which will not be taken up in this volume, in which the problem 
under discussion is concerned with aggregate earnings and not 
with the distribution thereof to the individual rate-payer. 

Deficient Earnings in Early Years. — Nearly every public 
utility begins operating at a loss. There may be a number of 
years during which the earnings will not be sufficient to cover 
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ordinary operating expenses (including depreciation) and these 
years are generally followed by others in which the return is 
not commensurate with what the investment should earn. The 
deficiency in the earnings of the early years in the case of any 
legitimate public utility should be made good to its owner in 
some way at some time. This may be done by treating any 
ascertainable deficiency in the earnings as a permanent invest- 
ment representing cost of establishing the business or by mak- 
ing suitable provision to amortize it in a reasonable time. When, 
therefore, the appraisal of a rate-base or the fixing of rates for 
a long-established public utility is in question, it should be as- 
sumed to be quite as likely that past history will show a defi- 
ciency as that it will show an excess of earnings over what should 
be considered a reasonable return. It follows that past history 
relating to insufficient earnings should be brought under review 
and that there may be cases in which the contrary opinion of 
the U, S. Supreme Court, as expressed in the case of Knoxville 
vs. Knoxville Water Company (212 U. S., p. 14) (29 Sup. Ct. 
Rep., p. 148), does not strictly apply. In this case, quoted at 
greater length on p 134, the Court says: 

“ If, however, a company fails to perform this plain duty and 
to exact sufficient returns to keep the investment unimpaired, 
whether this is the result of unwarranted di\ddends upon over- 
issues of securities, or of omission to exact proper prices for 
tlie output, the fault is its own.’’ 

The omission to exact prices for the output that would keep 
the investment unimpaired may be due to the fact that the 
service rates necessary to accomplish this would have been 
greater than the service would bear. The failure to secure ade- 
quate earnings is not always the fault of the owner of the prop- 
erty, It may even be the deliberate program to let the ample 
returns of future years make good the early deficiency as, for ex- 
ample, when the Unlimited Life Method of procedure is adopted. 

In the Kennebec Water District Case (97 Maine 185; 54 
Atlantic 6) the Court in its instructions to the appraisers of the 
properties of th^ Maine Water Co. said: 
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The actual rates which may have been charged heretofore, 
and the actual earnings, are both admissible and material in 
determining the value of the plant. The value of the evidence, 
however, will depend upon whether the appraisers shall find that 
the rates charged have been reasonable.'’ 

The Basis of the Calculation when Rates are to be Fixed. — 

Enough has been said to show that, when an appraisal is to be 
made as a basis for estabhshing the rates to be charged for the 
commodity or the service output of a public utility, something 
else is needed besides value. The starting point in the last 
analysis is not the value of the property, but the amount of the 
legitimate investment necessary to establish the business sup- 
plemented by the volume of the business transacted. The 
legitimate investment is not necessarily the actual cost of con- 
structing and developing the property and bringing it to a pa>dng 
basis, but it is the amount which may reasonably be assumed to 
have been properly and legitimately invested in the public ser- 
vice. This amount may for convenience be called the “ rate- 
base,” and as here defined is to be distinguished from value.” 

It is to be understood that this defiiiition of the rate-base is 
more or less academic and has not yet obtained general recog- 
nition. The ordinary practice has been to attempt to make 
“ present value ” the basis of the calculation when fixing rates. 
The endeavor to do this, with inclusion in the amount on which 
an interest return is to be computed, of certain elements of 
value which can have no existence unless created by adequate 
earnings, has met with only indifferent success and has led the 
rate-fixing bodies into much confusion from which there now 
appears to be a strong desire to escape. 

The “ rate-base,” as thus defined, may include some or all of 
the cost of establishing and developing the business. It would 
be unwise to lay down an inflexible rule that the entire cost of 
establishing and developing the business should be included in 
the rate-base because any such rule would result in placing a 
premium upon inefficient management. The aim should be to 
include a reasonable allowance for this item which in one case 
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may be determined from cost records while in other cases it 
may have to be estimated from less dependable data and as- 
sumptions. 

The rate-base should be made the basis of the calculation. 
The earnings present and prospective should be adequate to 
}deld a proper return on the rate-base and they should more- 
over also be adequate to create some value in addition thereto 
which will be compensation to the owner for having established 
and for managing the utility and may be in lieu of appreciation 
which under this method of procedure would not always appear 
in the rate-base. 

The Effect of a Bonus upon the Rate-base. — ilttention has 
already been called to the fact that when the owner has received 
a bonus, in order to encourage construction, the original cost 
to him is reduced by the amount of the bonus. This circum- 
stance should not be overlooked in determining the rate-base. 

How the bonus paid to the owner may affect the rate-base 
can be made clear by an illustration. The case can readily be 
conceived of an irrigation system constructed at an average 
cost of $30 per acre. The right to take water from this canal 
system is made the matter of contract, each land owner who 
takes water for a given tract paying to the canal owner a bonus 
of $20 per acre. When all the land within the area to be 
served by the canal has acquired the right to take water from 
the canal, the owner will be out of pocket only $10 per acre and 
not $30. Full justice will be done to both the owner and to 
the irrigator if the rate-base in this case be estimated at |io 
and not at $30 per acre, due consideration being given to all 
other elements that should be included in the rate-base. 

Two Procedures may be Followed in Determining a Rate- 
base. — There are two standpoints from which the matter of 
determining the rate-base may be approached and the proce- 
dure in the matter of making an appraisal which is to serve as a 
basis for fixing rates will vary according to the standpoint taken. 

In the one case, the investment is regarded as unimpaired, 
and no deduction is made for amortization or depreciation, and 
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the amount of the investment properly determined is made the 
rate-base. 

In the other case the amounts earned as depreciation and re- 
maining unexpended are considered as being applied to the re- 
tirement of capital, in which event the rate-base is the properly 
invested capital less the accrued depreciation (it being assumed 
that current depreciation has actually at all times been earned 
and collected). 

These two views have led to various procedures when the fair 
earnings of a public utility are to be determined — these will be 
given further attention in following pages. 

The late Commissioner J. W. Eshleman, in writing the deci- 
sion of the Railroad Commission of California in the matter of 
the application of James A. Murray and Edward Fletcher for an 
increase of water rates in the county of San Diego, Cal, says: 

My own view is that the nearest and fairest approximation 
which may be made to a correct ^ value ’ upon which a public 
utility shall be allowed to earn is the amount of the investment 
wisely made, and this view is not at all in conflict with the 
position of the courts in this regard.” The Commissioner as 
appears from this statement recognizes the desirability of mak- 
ing investment ” and not value ” the basis of the calculation 
but apparently feels the necessity of reconciling the use of the 
amount invested with the decisions of the courts, which, for the 
most part, still hold value ” to be the starting point. 

Factors to be Considered in Establishing the Rate-base, — 
In determining what should be regarded as the legitimate rea- 
sonable investment in any public utility to serve as a basis for 
computing rates, some consideration may be given to certain 
factors which aid in determining what the value of the property 
resulting from net earnings should be. Such factors are the 
capitalization of the business enterprise, the original cost, the 
cost of reproduction new, the depreciated or present value, 
the taxation value and the reasonable charge for the service 
rendered. There should be taken into account, too, in the 
broad problem of determining net earnings, the past history, 
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sacrilices made by the owners to establish the business, finan- 
cial aid by the public, the quality of the service, the cost 
of like service rendered elsewhere and other similar matters. 
The aim will be to establish, first, a rate-base on which the 
owner is to get a fair interest return and, second, to ascertain 
what the net earnings should be in addition to this return to 
create such a value as will be fair to both the owner and to the 
public. 

Comments on Base Physical Cost by the Wisconsin Railroad 
Commission. — Referring to the use of the original cost of the 
properties of the LaCrosse Gas and Electric Co. as the basis of 
the calculation the Wisconsin Railroad Commission states (Wis. 
R. C. R , Vol. 2, p. 16) in substance that it is quite likely that, 
because of local conditions or the manner in which the plants 
have been acquired, the cost of these plants to the present 
owner is considerably higher than the figures given (cost of 
reproduction). Owing to progress in the electrical field most 
plants have had to be rebuilt or re-equipped. The cost to pres- 
ent owmers of such plants is likely therefore to be much greater 
than either the cost of the original plant or the cost of repro- 
duction newi 

The Commission in the Antigo Water Case (Wis. R. C. R., 
Vol. 3, p. 631) says: 

The original cost, the cost of reproduction new and the 
present value bear a very close relation to the physical prop- 
erty of the plants and are therefore of the greatest importance 
in determining the value of the same. As to which one of 
these three elements is of the greatest importance in fixing 
this value, is a matter that largely depends upon the circum- 
stances in each case and may also be more or less affected, by 
the purposes for which the valuation is intended. . . . No 
matter what the differences between these three cost values may 
amount to, each one of these items constitutes evidence of the 
true value and should therefore be carefully considered.’’ 

The Commission also says that the burden of unreasonably 
high construction cost should not be charged to the rate- 
payers. 
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Comments on Value and Depreciation by the Wisconsin 
Railroad Commission. — Substantial recognition of the principle 
that present value is not a proper rate-base is found in the 
findings of the Wisconsin Railroad Commission in the case of 
the Superior Commercial Club vs. Duluth Street Railway Co. 
(Wis. R. C. R., 1912, Vol. II, p. I to 21). The Commission 
makes the following statement: 

“ A valuation of the physical property of the Superior division 
of the company as of June 30, 1911, showed a cost new of 
$717,538 and a present value of $487,236. When the present 
value of the physical property of 1911 is increased by the pres- 
ent value of that part of the property located in Duluth, but 
chargeable to Superior and which cannot greatly exceed $70,000, 
when additions of about $10,000 are made for working capital 
and when proper allowances for depreciation and going value 
are added, it will be found that the total amount does not quite 
reach the cost value new. In fact, it does not greatly exceed 
$700,000 This sum finds support in the cost of reproduction 
of the plant and the business as well as in their original cost. 
... As under normal conditions investors are entitled to 
have their property or investment kept intact, it follows that 
the amounts, which have been properly set aside for such pur- 
poses or for depreciation, in accordance with the provisions of 
the law and the rules of the Commission, should in the instant 
case be included in the amount on which returns are allowed. 
On the other hand amounts earned for depreciation but with- 
drawn or used for other purposes than provided by law should 
not be so included.’’ 

Again in the case of the Stevens Point Lighting Co. relating 
to service and rates the Commission says (Wis. R. C. R., Vol 14, 
p. 364); 

“ The failure of a utility to make allowance for depreciation 
if the earrdngs have been sufi&cient is tantamount to a with- 
drawal of capital from the business and the cost of reproduction 
new must be diminished in determining the fair value upon 
which the reasonable return allowed is to be based when an 
adequate reserve for depreciation has not been provided. The 
utility is, however, entitled to earn an amount sufficient to off- 
set future depreciation.” 
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Other Factors Affecting Rates. — While it is important to 
establish a rate-base whenever rates are to be j&xed, there may 
be cases in which other circumstances are of equal moment 
with the rate-base as a guide to the allowable earnings. It 
may happen that the public service requires only a small invest- 
ment of capita] compared with the volume of the business that 
is transacted, and it may then be more desirable and equitable 
to bring the compensation of the owner into some relation to 
the volume of business transacted rather than to the capital 
which is invested in the business. 

The case may readily be conceived of a concern such as an 
express company which rents its office facilities and operates 
under contract with railroad and steamship companies and which, 
outside of its trucks and other vehicles for the local distribution 
of the parcels entrusted to its care, has made no investment of 
an}' moment. It would be vain in such a case to attempt a 
regulation of rates based solely upon a fair return upon the 
invested capital. The whole field must be brought into view. 
The volume of business transacted, and the value that would be 
created if earnings are allowed which exceed, in some definite 
fashion, the cost of conducting the business, should receive due 
consideration. If earnings arc thus allowed wffiich exceed the 
cost of operation by lo to 15 per cent, this would not seem un- 
reasonable unless the resulting rates are, in fact, more than the 
traffic can or should bear. 

Compensation for Hazard. — The risk of loss assumed by the 
owner when he undertakes the development of a public service 
enterprise is an element for consideration when a limit is to be 
set upon the allowable earnings. This fact is generally recog- 
nized. The compensation for this risk should be determined on 
the basis of the risk that may be justly contemplated by those 
who enter upon similar ventures under like conditions. This 
principle is clearly set forth by the Supreme Judicial Court of 
Maine in its instructions to the appraisers of the Maine Water 
Company's properties in the Kennebec Water District Case (97 
Maine 185; 54 Atlantic 6): 
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The reasonableness of the rate may also be affected, for a 
time, by the degree of hazard to which the original enterprise 
was naturally subjected; that is, such hazard only as may have 
been justly contemplated by those who made the original in- 
vestment, but not unforeseen or emergent risks. And such 
allowance may be made as is demanded by an ample and fair 
public policy. If allowance be sought on account of this ele- 
ment, it would be permissible at the same time to inquire to 
what extent the company has already received income at rates 
in excess of what would otherwise be reasonable, and thus has 
already received compensation for this hazard.” 

Earnings in Relation to the Rate-base and to the Volume of 
Business. — If it can be accomplished without making rates un- 
reasonable, there should be not only an interest allowance upon 
the rate-base equal to the current rate on money invested in 
industrial and related enterprises, preferably about 6 per cent 
per annum, but also some additional allowance, perhaps gener- 
ally less than 5 per cent, unless conditions are unusual, as a 
reasonable participation in the general prosperity of the com- 
munity (this in lieu of appreciation), plus some percentage al- 
lowance on the reasonable cost of operation (not including in 
this cost the interest on the invested capital). This latter 
allowance should, perhaps, be so graded that it will be small 
when the investment is large in relation to cost of operation 
and that it will approach 10 per cent or, in some cases, be even 
more, if the investment in relation to the cost of operation is 
small. The objection which may be urged to such an arrange- 
ment, that it will make it to the interest of the owner to inflate 
the cost of operation, is to be weighed against the danger of 
discouraging investment in public utilities if any less liberal 
policy is pursued. Moreover, under the control which is now 
exercised over the public utility by the public service commis- 
sions, this objection will lose much of the force which it might 
otherwise have. 

The capitalization of the percentage allowance on the cost of 
operation, plus any other allowance (except amortization) in 
excess of a fair interest on the investment, will represent the 
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sum of intangible values, in excess, of course, of such portions 
thereof as have found a place in the rate-base. 

The Franchise Value and the Rate-base. — While recognizing 
that earnings may be so high that a franchise has value the 
Wisconsin Railroad Con^mission places itself squarely on record 
against the inclusion of such value in the value which is made the 
basis for fnxing rates. The Commission in the Antigo Water Co. 
case (Wis. R. C R., VoL 3, p. 727) says in substance that though 
earnings may be high enough to yield a surplus that may be 
made the basis for determining a franchise value, properly sub- 
ject to taxation, this fact by no means implies that these earn- 
ings or any value based thereon should also be the basis for 
rate-fixing. Taxation, according to the Commission, is based 
on the ability to pay. Rates should be based on the cost of 
servdce (measured by expenses) including a fair return on the 
investment. The Commission apparently recognizes, what the 
author endeavors to make clear, that “ taxation value ” and 
therefore market value ” really depends on the earnings and 
therefore, too, upon the rates. 

In the case of the City of Appleton vs, Appleton Waterworks 
Co. the Commission again says (Wis. R. C. R., Vol. 5, p. 282) 
that in estimating capital upon which return is to be made the 
franchise has no value, because franchise value is produced by the 
rates charged. It is proper, however, to tax the company on its 
franchise value which would be paid for if the business were sold. 

The Commission in the case of the State Journal Printing Co. 
vs. Madison Gas and Electric Co. (Wis. R. C. R., Vol. 4, 
p. 586) declares franchises to be monopolistic in their nature. 
They belong to the community. Their value has been created 
by the growth of population and by economic and social devel- 
opments rather than by individual effort. Belonging to the 
public, the right of control and of the disposal thereof also rests 
in the community. Under these conditions according to the 
Commission, there appear to be no good grounds upon which 
the value of exclusive privileges of this kind should become 
private property. 



CHAPTER IX 


POSSIBLE PROCEDURES WHEN THE RATES FOR 
A PUBLIC SERVICE ARE TO BE FIXED 

The Prime Consideration. — When a method of procedure is 
to be selected under which the necessary earnings of a public 
utility are to be determined, the first consideration will be the 
fairness of this procedure both to the rate-payer and to the 
owner of the utility. Although there are various methods of 
procedure which have been adopted throughout the country, 
and which may be shown to be correct under various restric- 
tions as to application and under the assumption that their 
application is continuous from the beginning, it will not do to 
accept any particular one as equitable or advisable in every 
case. 

It is elsewhere shown that when capital is assumed to be 
retired at a rate which keeps pace with theoretical depreciation, 
serious consideration must be given to the departure of actual 
life from the probable life of the various parts of the utility 
which have a limited period of serviceability. It is made clear 
that a proper accounting system must be adhered to and that a 
change of procedure may result to the disadvantage either of 
the owner or of the rate-payer. 

The Preferable Method of Procedure. — Apart from the fair- 
ness which is essential, the adopted method of procedure should 
not impose unnecessary burdens upon either party. That 
method which requires the least earnings in the early years of 
their life will be preferable in the case of newly established 
enterprises. In the case of properties that have been long in use, 
past history must be taken into account, as it will not do to 
arbitrarily assume that the business has been a profitable one 
from the beginning. The presumption should rather be the 
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other way, the probability that there were losses in the early 
years should not be overlooked. 

The various methods of procedure have had their origin in 
the various plans that have been adopted for making provision 
for amortization of capital and the replacement or renewal of 
discarded articles. When the distinction between amortization 
and the replacement requirements is disregarded, such methods 
of procedure as the Straight Line Method and Equal Annual 
Payment Method are the result. When amortization is treated 
as a matter apart, such methods as the Sinking Fund Method 
and the Unlimited Life Method are the natural outcome. 

The Sinking Fund Method. — The Sinking Fund Method ’’ 
of making appraisals and of determining necessary earnings is a 
method under which the annual allowance for replacements is 
uniform in amount. This replacement allowance (frequently 
referred to as depreciation) is the annuity which, together with 
compound interest at the rate of the net earnings of the prop- 
erty, will during the probable life of an article amount to its 
replacement cost. The replacement, it is assumed, is to be 
accomplished at the end of the probable life of that article. There 
is no repayment of capital The investment remains undimin- 
ished. This is, therefore, a 100 per cent valuation method.*^ 

The amount which goes into the replacement fund does not 
retire capital. It generally remains in the business and may be 
assumed to earn the same amount as any other capital used in 
the business. Nevertheless, it is held by some authorities that 
this fund should be treated as though invested in absolutely safe 
securities and that, therefore, the interest rate introduced into 
the calculation should be about 4 per cent. But whether the 
fund be invested in outside securities or in the business, it is a 
fund which should be separately accounted for. Its earnings are 
earnings of the business and make the amount which must be 
collected from the rate-payer correspondingly less. When the 
fund remains in the business, it should be charged with the 
regular interest rate of return and this amount of the earnings 
♦ Trans. Am. Soc. C, E., VoL LXXV, p. 828. 
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should be added to the fund and will not be available for dis- 
tribution as profit. 

To illustrate — if the investment is $i,ooopoo and out of 
surplus earnings $100,000 are invested in betterments, the total 
investment becomes $1,100,000 of which $100,000 is due to the 
replacement fund. If the net earnings are 6 per cent or in the 
aggregate $66,000 per annum, only $60,000 of this will be avail- 
able for distribution to the owners and the other $6000 must be 
added to the replacement fund. 

Equal Annual Payment Method. — The “ Equal Annual Pay- 
ment Method,’^ as described in the report of the American 
Society of Civil Engineers’ Special Committee on Valuation, 
presented to the Annual Meeting of January 21, 1914, refers to 
a method which makes the annual depreciation, or amortization 
increment an amount increasing, from year to year according 
to a definite law. The annual depreciation is estimated by 
sinking fund methods. It is equal to the annuity which will 
retire the remaining value in the remnant of the original prob- 
able life term and, when added to the interest on the remaining 
value (uniformity of interest rates being assumed), the sum will 
be uniform from year to year throughout the probable life term. 
When depreciation allowances computed by this method are 
actually earned, they are considered as refunds of invested capi- 
tal. The remaining investment in that case decreases as the 
earned depreciation decreased by exjienditures for replacements 
accrues. Depreciation earnings may be regarded as being thus 
applied to retire capital, but this method of estimating what 
should be earned from year to year is undesirable, because it 
involves frequent, elaborate and cumbersome re-estimates of 
remaining value, requiring the service of experts, while as 
usually applied, it is identical in results with the Sinking Fund 
Method, which has the advantage of simplicity. 

The Straight Line Method. — The Straight Line Method 
of estimating the annual depreciation or the annual amortiza- 
tion installment is that method which makes the annual amorti- 
zation of capital uniform throughout the probable life of an 
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article. The annual amortization installment is estimated from 
the original cost of an article less residual value and its probable 
life, by dividing the cost less residual value by the number of 
years of probable life. This method, like any other amortiza- 
tion method, is justified on the theory of the immediate applica- 
tion of the annual depreciation installment to the retirement of 
capital. In this respect both this method and the Equal Annual 
Payment Method differ essentially from the Sinking Fund Method 
and from the Unlimited Life Method, under neither of which 
any retirement of invested capital is taken into consideration. 

Unlimited Life Method. — The Unlimited Life Method ” of 
procedure, when rates are to be fixed, is justified by the fact 
that public utilities may generally be regarded as having per- 
petual life and that, ordinarily, capital need not be retired un- 
less the property is to be purchased. A public service property 
taken in its entirety may be treated, therefore, as though it had 
unlimited life. The property is kept in good condition by the 
repair of its parts and by replacements, as these parts become 
useless and have to be discarded. No part of the investment, 
if there be unlimited life, need be returned to the owner, but as 
the plant grows old and one part after another has to be replaced, 
he must be allowed to recover in the earnings the cost of each 
article as replaced It is on this principle tiiat many complex 
and, particularly, publicly owned properties are operated. In the 
early years of the life of a property made up of many parts, 
such as rails and ties, the replacement requirements will be 
small. As the property acquires age, the replacements — pro- 
vided that extensions are relatively unimportant and negligible 
in comparison with the extent of the property under considera- 
tion — will gradually increase to nearly the amount indicated 
by the Straight Line Method. The departure from this amoimt 
will be dependent upon the annual extensions of the system in 
relation to the entire investment. There will be ultimate agree- 
ment between the replacement requirement and the amount 
estimated by the Straight Line Method if the plant is one that 
has ceased to grow. The valuation for rate-fixing purposes 
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under the Unlimited Life Method of procedure will be the 
amount of the investment without deduction of depreciatioUj 
and the replacement requirements, until definitely ascertained by 
experience, will be approximated from the estimated cost of 
effecting the replacements, with due consideration of the age 
and expectancy and the probable life new of the individual parts 
of which the property is made up. 

Sinking Fund Method Illustrated. — Some of the principles 
that govern the establishment of rates may be made clear by 
the use of an illustration. An electric generator with a 20-ycar 
life will serve the purpose. Assume, in the absence of any 
accepted method of procedure, that remaining value is deter- 
mined by deducting from cost the accrued depreciation esti- 
mated by compound interest sinking fund methods. Suppose the 
generator to be a part of a light and power system and suppose, 
further, that it has reached the last year of its useful life and will 
have no scrap value. A purchaser will value the generator, if 
he estimates interest on a 6 per cent per annum basis, at about 
8 23 per cent of its original value and this is all that he will pay 
for the same. He takes upon himself, when he buys the light 
and power plant, an obligation to replace the generator with a 
new one at the end of another year. He must then renew the 
investment represented by this article. The obligation which 
he voluntarily takes upon himself at the time of his purchase to 
replace the generator in a year is 91.77 per cent of the cost of a 
new generator. At the end of the life of the generator, he will 
have received in his earnings the last increment of the original 
investment in the generator, or 8.23 per cent of its cost, and he 
will meet his obligation to continue in business by acquiring a 
new generator and thereby renewing the full original investment 
in this particular appliance. 

It makes no difference whether there is only one generator, 
or whether there are 20 in use. The principle is always the 
same. Moreover in such a simple case as that of 20 generators 
of all possible ages, each with a useful life of exactly 20 years, 
the accrued obligation to replace these generators when worn 
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out (6 per cent per annum interest being again used for purposes 
of illustration) will be 38 per cent as shown by the formula on 
page 93. 

In other words, the remaining value of the 20 generators 
(cost less depreciation, as ordinarily noted) will be about 62 
per cent. No purchaser would include the 20 generators in his 
valuation of the property at more than 62 per cent of their 
aggregate cost; but he would, nevertheless, and with reason, 
expect to be allowed to earn interest on 100 per cent of their 
cost new, claiming rightfully that he is entitled to the same 
rate of income return on unexpended annual replacement incre- 
ments as he is entitled to earn on the rest of his invested capital. 
He will justify this claim by pointing out that the earnings on 
any accumulated replacement fund are not available for any 
other use than the replacement of worn-out property; that such 
earnings do not, therefore, represent income; and that it is for 
this reason he is entitled to have the aggregate annual replace- 
ment allowance, together with accumulated interest, treated as 
interest-bearing capital. 

California Law Restrictions upon the Depreciation Fund. — 

In this connection attention may be called to the laws of Cali- 
fornia (Statutes of 1911, First Extra Session, Ch. 14, Sec. 49), 
which prescribes that the Railroad Commission (having the 
duties of a public service commission) : 

may from time to time ascertain and detennine and by order 
fix the proper and adequate rates of depreciation of the several 
classes of property of each public service utility. Each public 
service utility shall conform its depreciation accounts to the 
rates, so ascertained, determined and fixed, and shall set aside 
the moneys so pro\dded for out of earnings, and carry the same 
in a depredation fund, and expend such fund only for such 
purposes and under such rules and regulations, both as to 
the original expenditures and subsequent replacement as the 
Commission may prescribe. The income upon investments of 
moneys in such fund shall likewise be carried in such fund.” 

It is here apparently recognized that the depreciation fund 
should be used for the sole purpose of replacing worn-out parts 
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and that in regulating rates, consideration need be given only to 
the amount of capital reasonably and properly invested without 
any deduction for depreciation. 

The earnings, in other words, to be adequate, must include 
at least operating expenses of every character, a proper allow- 
ance for present and prospective replacements (so-called current 
depreciation) and a reasonable income computed at the proper 
interest rate on the invested capital. 

Comparison of Sinking Fund and Equal Annual Payment 
Methods. — Enough has already been said to show that the 
so-called Sinking Fund JMethod of procedure, when no distinc- 
tion is made between actual and probable life, is exactly eciuiv- 
alent in its results to the Equal Annual Payment Method. The 
former, in which the rate-base is 100 per cent of the invest- 
ment, involves a single computation of the annuity which at 
compound interest will amount in the probable life term to 
the capital invested in any article. The latter, under which 
accrued depreciation is deducted from the investment, requires 
a re-estimate of the current amortization (depreciation) incre- 
ment from year to year and a new annual estimate of accrued 
depreciation. 

Amount of Amortization or Amount in the Replacement Fund. 

— If under any method of procedure the owner of a plant of 
numerous parts and all possible ages is required to place all 
sums earned as depreciation or earned to meet ^Replacement 
requirements into a special fund, and the depreciation or re- 
placement requirement has been actually earned from the begin- 
ning, the amount of amortization accomplished out of such 
a fund or the theoretical balance on hand, after meeting all 
current replacement requirements, will be as follows: 

Under the Straight Line Method of estimating amortization 
for old plants of full growth, the theoretical accumulation should 
be 50 per cent of the investment in perishable property — this 
accumulation is independent of the interest rate and this fundR 
earnings are of no concern to the rate-payer. 

Under the method of estimating the “ accrued obligation to 
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replace ’’ by the Sinking Fund Method, for old plants, with 
interest at 6 per cent and the hypothesis that actual life will 
conform to probable life, the theoretical accrued obligation to 
replace or what is equivalent, the theoretical accumulation in 
the fund as shown in Table 2, page 94, will be: 

Per cent 

For articles having 5 year life, about 38 
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These percentages apply strictly, of course, only to cases in 
which the age of the plant is greater than the life of its parts. 
They indicate the extent, however, to which an accumulating 
replacement or depreciation fund may exceed the demands upon 
it. In some measure, approximating this unexpended surplus, 
such a fund is available for outside investments. Interest on 
the same, wheri it represents the obligation to replace, must be 
earned by the owner for the benefit of the plant, consequently, 
it makes no difference to what purpose he applies this surplus, 
provided only that ample assurance remains that replacements 
will actually be made when necessary. Interest is to be added 
to this fund even when the same is invested in the plant and by 
the amount of such interest, the earnings will not be available 
for distribution as profit. 

When the capital is being amortized, the accumulations in 
the amortization fund are the absolute property of the owner. 
They are not subject to control by the rate-payer, yet, here, 
too, proper assurance may be expected that replacements will 
be duly made and it would not be unreasonable to expect an 
adequate special fund to be maintained to meet emergencies. 

Soundness of 100 Per Cent Appraisal as Rate-base. — In 
order to show beyond all question that the method of valuing 
at the investment without deduction of the depreciation in fix- 
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ing rates, under continuous application from the beginning, is 
correct and proper, an electric generator with a life of 20 years, 
which has served 15 years, may again be taken as a basis for an 
illustration. 

The usual assumption is made, for the purpose of this illus- 
tration, that there is no change in the cost of this article during 
its life, that it has no scrap value and that it will go out of service 
when exactly 20 years old. Interest in this illustration is taken 
at 6 per cent per annum. 

By the Equal Annual Payment Method (correct if applied 
from the day the article went into use and if there were, in fact, 
agreement between actual and probable life) : 


Original investment ... 


$100.00 

Life (new) . . . 

20 \ ears 


Time in service 

15 >ears 


Remaining life 

5 years 


Accrued depreciation (amortization to date) 


63.27 

Remaining value 


73 


Interest on remaining value . S2 20 

Annual depreciation or annual amortization increment for sixteenth 
year ... . . 6 52 

Required net earnings . ..$872 


In this case the depreciation in the i6th year is that amount 
which, invested annually at 6 per cent, will retire the remaimng 
value $36.73 in the remaining 5 years of life. 

By the Sinking Fund Method (correct under continuous 
application from the beginning and agreement between actual 
and probable life) the computation is as follows: 


Permanent investment 


Life (new) 

. 20 years 

Time in sendee. . 

IS years 

Remaining life 

5 years 

Interest on the investment. . . . . 



Annual depreciation or annual replacement increment for any 

year.. 

Required net earnings .... . . 


$6,00 

2 72 
$8.72 


WMle it can be shown that for each year the earnings should 
be $8.72 on $100 of original capital investment, a new cal- 
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culation is necessary, as already stated, for each perishable 
article and for each year under the Equal Annual Payment 
Method, while for the more rational Sinking Fund Method, a 
single simple calculation suffices for each group of articles of the 
same probable life term. 

For comparison the application of the other methods of pro- 
cedure to the same generator may be of interest. 

By the Straight Line Method ’’ (correct under continuous 
application from the beginning and agreement between actual 
and probable life) there will be: 


Original investment ... 

. $100 

Life (new) . 

20 years 

Time in service 

15 years 

Remaining life. 

5 years 

Accrued depreciation (amortization to date) 

75 

Remaining value . 

S25 


Interest on remaining value $i 50 

Annual depreciation or amortization increment for sixteenth 
year . . . S5 00 

Required net earnings . . . . ... $6 50 

By the “ Unlimited Life Method on the assumption that 
there is only a single generator and that the annual replacement 
increment is estimated by the compound interest annuity 
method : 


Original investment 


. . $100 

Life (new) 

, . 20 years 

Time in service . . . . . 

.. 15 years 


Remaining life .... . . . . 

Interest on the investment. 

... 5 years 

. . . $6.00 

Annual replacement increment 


, . . . 2 72 

Required net earnings ... 


. . . 18. 72 


The foregoing comparisons, as above stated, are based on the 
assumption, which can never be fully realized, that there is ab- 
solute agreement between the actual and the probable life of each 
article. 

Effect of Departure of Actual Life from Probable Life. — To 

illustrate the application of the various methods of procedure 
with some regard to the fact that of many articles having the 
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same probable life when new, some will actually serve a shorter 
and others a longer time, let it be assumed that a group of 
articles is under consideration whose average life, and therefore 
whose probable life, is 5 years. Let it be further assumed in 
order to give definiteness to the problem that there will go out 
of use and be replaced 4 per cent of these articles at the end of 
the first year; 8 per cent at the end of the second year; 12 per 
cent at the end of the third year; 16 per cent at the end of the 
fourth year, 20 per cent at the end of the fifth year; 16 per cent 
at the end of the sixth year; 12 per cent at the end of the seventh 
year; 8 per cent at the end of the eighth year; an<l 4 per cent at 
the end of the ninth year. 

This hypothesis of failures has already been referred to and 
its basis explained in Chapter VI. Two courses are open. 
Either the allowance for amortization or so-called depreciation 
is extended for each article throughout the period of its probable 
life, regardless of whether the article fails early or survives, or, 
as an alternative, the annual allowance of amortization or depre- 
ciation is continued throughout actual life and stops with the 
failure of each article. Each article which takes the place of 
another which is discarded is supposed to receive the same 
consideration and the same treatment in the accounts as an 
original article. 

The result is shown in Table 10. 

Explanation of Table 10. — In Table 10 there is noted for the 
Equal Annual Payment Method in colunm A the amortization 
requirement computed from amortization tables, entering the 
tables not with age, but with probable life new less the expect- 
ancy; and in column B, the amortization requirement as deter- 
mined from Table 20 by taking the difference between the re- 
maining value at the beginning of successive years, giving, as 
explained, consideration to the new articles introduced each year 
to replace discarded articles. When amortization of capital con- 
tinues during the actual life of each article, terminating when 
the article goes out of use, the Equal Annual Payment Method 
is no longer, strictly speaking, an equal annual pa3ment method 
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because the interest on the remaining value plus the annual de- 
preciation is no longer constant in amount. 


TABLE lo. COMPARISON OF RESULTS 

Tim Sinking Fund, Equal Annual Payivient and Unlimited Life 

Methods 

When consideration is given to the requirements for periods determined 
either by probable life or by the actual life of articles 

Five-Yb:ar Probable Life Numerous Articles 


Failures as noted m the text — 6 per cent interest 


Ye^r. 

New inve-it 
for each 
Sioo of ong 
invest 
beginning 
of year 

Sinking Fund Method 

Equal Annual Payment Method 

Unlimited 
Life Method 

Repl. 
allowance 
during 
prob life 

Repl 

allowance 
during 
actual life 

Amort 
during 
prob I’fe 

Amortization during 
actual life 

Replace- 
ment re- 
quirement 

A 

B 

I 

$IOO OO 

$17 74 

$17 74 

Si 7 74 

Si 7 74 

$1$ 10 

$ 4 00 

2 

4 OO 

45 

17 74 

19 51 

18 66 

17 46 

8 16 

3 

1 8 i6 

19 Sej 

17 74 

22 13 

19 31 

19 6s 

12 65 

4 

1 6s 

22 13 

17 74 

25 72 

20 09 

17 30 

17 64 

5 

1 17 H 

1 25 26 1 

X 7 74 

30 40 

19 89 

19 40 

23 34 

6 

23 34 

! II 66 

17 74 

1 12 63 

19 64 

20 30 

21 97 

7 

21 97 

1 14 85 

17 74 

16 32 

19 69 

20 60 

21 16 

8 

21 l6 

1 17 17 

17 74 

19 II 

19 34 

21 10 

20 54 

9 

20 54 

1 uS 58 

17 74 

20 98 

20 41 

19 70 

19 73 

lO 

ly 73 

j 19 95 

( 

X 7 74 

21 46 

20 44 1 

18 30 

18 31 


For comparison with the Sinking Fund Method and the Equal 
Annual Pa\Tnent Method, there are noted in the last column of 
Tabic lo the annual replacement requirements, which are the 
amounts to be provided if the Unlimited Life Method of pro- 
cedure is adopted. By the plan of amortizing the cost of each 
article or for providing a fund for its replacement in the exact 
term of its probable life, there mil be a rapid accumulation in 
the replacement or depreciation fund, or a rapid amortization of 
capital in the early years, which is an undesirable feature of 
operation. To find the necessary earnings by each of the several 
methods, interest on the capital remaining as an investment is to 
be added to the amounts noted in the table. 
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Amortization During the Probable Life Term. — When only 
a single article is involved, as in the case of a steamboat, the 
disadvantage of adopting the plan of amortizing its cost or of 
providing a replacement fund in the exact term of its probable 
life is apparent The steamboat may meet with an accident in 
the early years of its life. If it does and is replaced with a 
new one, amortization of the remaining value of the first steam- 
boat plus the amortization of the cost of the new steamboat will 
be necessary The burden will fall upon the rate-payer. Under 
the alternative plan of continuing a unifonn annual amortization 
allowance during the actual term of the steamboat’s service 
there will be no effect apparent upon the required earnings by 
an early failure of the steamboat. The loss of the first steam- 
boat will fall upon the owner, but, if rates are cquitalily estab- 
lished, the loss will be made good to him in the course of time 
b}" reason of the survival of other steamboats and the continu- 
ance of the depreciation or amortization allowance after original 
cost has been amortized. 

The \^dse plan is the one in which there is the least disturb- 
ance of the rates and in which, so far as may be, the required 
earnings will be least in the early years. 

The Book Accounts Under Various Methods of Procedure. — 
The book accounts relating to the foregoing tabular illustration 
when numerous articles all with a probable life new of 3 years 
are involved would show the following for each Si 00 of original 
investment: 

a. Sinking Fund Method with a replacement allowance for 
the term of the probable life of each article, regardless of the 
time of its actual failure. (Each article which replaces a fail- 
ing article is here treated as a new article.) 


Dr. side of Ledger Cr. side of Ledger 


ISt 3 ?T. 

To depr, or amort, allowance 

$17 74 

By renewals 

$4 00 

2nd yr. 

To int. on balance $13 74 

To depr or amort, allowance 

0 82 
iS 45 

By renewals 

8.16 

3rd yr. 

To mt. on balance 24 85 

To depr. or amort, allowance 

I 49 

10.89 

By renew^als 

12.65 

4th yr. 

To int. on balance 33 58 

To depr. or amort, allowance 

2 01 

22.13 

By renewals 

17.64 
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5th yr. 

To ini. on balance 40 oS 

2 40 




To dcpr or amort allowance 

25 26 

By renewals 

23 

34 

6th yr 

To mt on balance 44 40 

2 67 




To depr or amort, allowance 

II 66 

By renewals 

21 

97 

7th yr 

To int on balance 36 76 

2 21 




To depr or amort allowance 

14 8 s 

By renewals 

21 

16 

8th yr. 

To int on balance 32 66 

I 96 




To depr or amort allowance 

17 17 

By renewals 

20 

54 

9th yr 

To int. on balance 31 25 

I 88 




To depr or amort allowance 

18 ss 

By renewals 

19 

73 

loth yr 

To int. on balance 3^ 9^ 

I 92 




To depr. or amort allowance 

19 95 

By renewals 

18 

31 


Totals 

S203 04 


$167.50 


Balame 



35 

54 


At the end of the tenth year the amount in the depreciation 
fund would be $35.54 for each $100 of original investment. 

b. The Sinking Fund Method accounts, if the replacement re- 
quirement or depreciation were estimated during the actual life 
of each article, would be charged, at the end of each year with 
$17.74 and interest on the annual balance. It would be given 
credit for $4.00 renewals the fust year, $8.16 the second year; 
$12.65 the third year and so on. 


Dr side of Ledger 


Cr. side of Ledger 

I St yr. To repl allowance 

Si 7 74 

By renew'als 

$4 00 

2nd yr. To int. on $13. 74 

0 82 



To repl allowance 

17 74 

By renewals 

8 16 

3rd yr. To int. on $24.14 

I 45 



To repl. allowance 

17 74 

By renewals 

12 65 

4th yr. To int. on $30 68 

I 84 



To repl. allowance 

17 74 

By renewals 

17.64 

5th yr. To int. on $32 62 

I 96 



To repl. allowance 

r? 74 

By renewals 

23-34 

6th yr. To int. on $28.98 

i ‘74 


To repl. allowaiice 

17 74 

By renewals 

2r 97 

7th yx. To int on $26 49 

t 59 


To repl. allowance 

17 74 

By renewals 

,21. 16 

8th To int. on $24.66 

1.48 



To repl. allowance 

17.74 

By renewals 

20 54 

9th yr. To int. on $23 34 

I 40 


To repl. allowance 

17.74 

By renewals 

3:9-73 

xoth yr. To int. on $22.75 

I 37 


To repl. allowance 

17 74 

By renewals 

18.31 

Totals 

$191 . 05 


$167.50 

Balance 



23-55 
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At the end of the tenth year there would be in the replacement 
fund $23.55 for each $100 of original investment. 

c. The amortization and replacement account in the case of 
the Equal Annual Payment Method, if amortization be allowed 
during the probable life term of each article, regardless of whether 
the article fails early or survives, would be about as follows: 
(Every article which replaces another is here treated as a new 


article ) 






Dr side of Ledger 


Cr i>idc of Ledger 

I St yr 

To allowance for amort, and rcpl. 

$17 74 

By rencsvalb 

$4 00 

2nd yr. 

To allowance for amort and rcpl. 

19 51 

By renewals 

8 16 

3rd yr 

To allowance for amort, and repl. 

22 13 

By renewals 

12 65 

4th yr. 

To allowance for amort, and repl. 

25 72 

By renewals 

17 94 

5th yr. 

To allowance for amort, and repl. 

30 40 

By renewals 



Totals 

$115 50 


70 


Balance 



S50 71 


Balance 

S59 71 



6th yr 

To allowance for amort, and repl 

12 63 

B> renew'alb 

$21 97 

7th yr 

To allowance for amort and repl. 

16 32 

By renewals 

21 16 

8th yr. 

To aUowance for amort and repl. 

19 II 

By renewals 

20 54 

9th yr. 

To allowance for amort, and repl 

20 98 

By renewals 

19 73 

loth yr. 

To aUowance for amort, and repl. 

21 46 

B> renew^als 

x8 31 


Totals 

$150 21 


$101 71 


Balance 



48 50 


The amount available for amortization at the end of the fifth 
year should be according to this account about $59.71 for each 
$100 of original investment and $48.50 at the end of the tenth 
year. In actual bookkeeping the account would have been 
balanced at the end of each year. The remaining investment, 
or the present value, is shown by this account to have been 
$40.29 on each $100 at the end of the fifth year and $51.60 at 
the end of the tenth year. The large reduction of capital which 
results from this 'method of appl>ing the Equal Annual Pay- 
ment Method shows its undesirability. 

The amortization and replacement account in the case of 
the Equal Annual Payment Method, if amortization be esti- 
mated during the actual life of each article (plan A, Table 10) 
and the balance is applied at the end of each year to retire 
capital, would show: 



178 VALUATION, DEPRECIATION AND THE RATE-BASE 


Dr, side of Ledger Cr, side of Ledger 


ist yr. 

To allowance for amort and repl 

®I 7 74 

By renewals 

$4.00 

2nd yr. 

To allowance for amort, and repl 

18 66 

By renewals 

8 16 

3rd yr. 

To allowance for amort, and repl. 

19 31 

By renewals 

12 65 

4th yr. 

To allowance for amort and repl. 

20 09 

By renewals 

17 64 

Sth yr. 

To allowance for amort, and repl. 

19 89 

By renewals 

23 34 


Totals 

$95 69 


$65 79 


Balance 



19 90 


Balance 

$19 90 



6th yr. 

To allowance for amort, and repl. 

19 64 

By renewals 

$21 97 

7th yr. 

To allowance for amort, and repl 

19 69 

By renewals 

21 16 

Sth yr 

To allow^ance for amort and repl. 

19 34 

By renewals 

20 54 

9th yr 

To allcwance for amort, and repl. 

20 41 

By renewals 

19 73 

loth yr. 

To allowance for amort, and repl. 

20 44 

By renewals 

18 31 


Totals 

$119 42 


$101 71 


Balance 



17 71 


In actual bookkeeping the account would have been balanced 
every year. The amount available for amortization at the end 
of the fifth year should be about $19.90 and at the end of the 
tenth year about $17.71. 

e. The amortization and replacement account, in the case of 
the Equal Annual Pajnnent Method, if amortization be esti- 
mated during the actual life of each article (plan 5 , Table 10) 
and the balance is applied at the end of each year to retire 
capital, would show: 


Dr, side of Ledger 


Cr, side of Ledger 

ist yr To allow^ance for amort and repl. 

$1$ 10 

By renewals 

$4.00 

2nd yr. To allowance for amort, and repl 

17 46 

By renewals 

8 16 

3rd yr. To allowance for amort, and repl 

19 6s 

By renewals 

12.65 

4th yr. To aiiow^ance for amort, and repl. 

17 30 

By renewals 

17.64 

Sth yr. To allovrance for amort, and repl. 

19 40 

By renewals 

23 34 

Totals 

$88 91 


$65 79 

Balance 



23.12 

By Balance 

$23 12 



6th yr. To allowance for amort, and repl. 

$20 , 30 

By renewals 

$21.97 

7th yr. To allowance for amort, and repl. 

20 60 

By renewals 

21.16 

Sth yr. To allowance for amort, and repl. 

21. 10 

By renewals 

20.54 

9th yr. To allowance for amort, and repl. 

19.70 

By renewals 

19-73 

loth yr. To allowance for amort, and repl. 

18 30 

By renewals 

18.31 

Totals 

I122.S2 


$101.71 

Balance 



21. II 
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The amount available for amortization at the end of the iifth 
year is shown by this account to be $23,12 for each $100 of 
original investment and $21 ii at the end of the tenth year. 

/. The amortization and replacement account in the case of 
the Straight Line Method (5-year probable life) would show the 


following: 




Dr side of Ledger 


Cr side of Ledger 

ist yr. To allowance for amort and repl. 

$20 00 

B> renewals 

$4 00 

2nd yr. To allow ance for amort and repl 

8 

0 

By renewals 

8 x6 

3rd yr To allowance for amort and repl 

20 00 

By renewaE 

i2 65 

4th yr To allowance for amort, and repl 

20 00 

By renewals 

17.64 

5th yr. To allowance for amort and repl 

20 00 

By renewals 

34 

Sub-Totals 

$100 00 


$05 79 

Balance 



34 21 

By Balance 

2534 21 



6th yr To allowance for amort and repl 

20 00 

By renewals 

$21 97 

7th yr To allow^ance for amort and repl 

20 00 

By renew als 

21 16 

8th yr To allowance for amort, and repl 

20 00 

By renewals 

20 54 

9th yr To allowance for amort and repl 

20 00 

By renew'alb 

^9 73 

loth yr. To allowance for amort, and repl. 

20 00 

By renew'als 

^8 31 

Totals 

I134 21 


$iox 71 

Balance 





These figures show that at the end of the fifth year about 34 
per cent of the total cost of the depreciating articles wa>uld have 
been returned to the owner and at the end of the tenth year 
about 32,5 per cent. The remaining investment at 5 years 
would have been about 66 per cent and at the end of the tenth 
year about 67.5 per cent. 

g. The replacement account in the case of the Unlimited 
Life Method would show the following: 


Dr, side of Ledger Cr. side of Ledger 


ist yr. 

To allowance for repl 

$4 00 

By renewals 

$4 00 

2nd yr. 

To allowance for repl. 

8 16 

By renewals 

8 16 

3rd yr. 

To allowance for repl. 

12 65 

By renewals 

12 65 

4th yr. 

To allowance for repl. 

17 64 

By renewals 

17 64 

Sth yr. 

To allowance for repl. 

23 34 

By reneiyals 

23 34 

6th yr. 

To allowance for repl. 

21 97 

By renewals 

21 97 

7th yr. 

To allowance for repl. 

21.16 

By renewals 

21 16 

Sth yr. 

To allowance for repl. 

20.54 

By renewals 

20 54 

9th yr. 

To allowance for repl. 

19.73 

By renewals 

19-73 

loth yr. 

To allowance for repl. 

18 31 

By renewals 
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Theoretically there would be no accumulation in the replace- 
ment fund because in the case of numerous articles the annual 
demand on the fund would be offset by the replacement allowance. 

The simplicity of the Unlimited Life Method, as well as its 
advantage in requiring least earnings in the early years, appears 
from a comparison of such accounts as above presented. 

Before leaving this subject attention may be called to the 
fact that the balance wliich these figures show to be probable 
in a replacement fund under the Sinking Fund Method of pro- 
cedure and the amount of the amortization under the Equal 
Annual Payment Method do not agree with what would be 
found on the impossible hypothesis that all articles serve through- 
out their probable terms of usefulness and no longer. On this 
purely hypothetical assumption (see page 94) the fund should 
contain about 38 per cent of the cost of the depreciating articles 
after five years of operation (5 years probable life being here 
under consideration). 

If the various methods of procedure and fixed rules of account- 
ing are closely adhered to and a comparison of results be made 
at the end of the tenth year, numerous articles all having a 
probable life of 5 years being under consideration, the results in 
so far as the amount of amortization or the amount in the re- 
placement funds are concerned should be about as follows: 

On the hypothetical assumption of agreement 
between actual and probable life, and an 
amortization allowance estimated by com- 
pound interest methods, the original invest- 
ment should have been reduced by about. . 

By the Sinking Fund Method, if the replace- 
ment allowance continues during probable 
life, the amount in the replacement fund 
should be about 

By the Sinking Fund Method, if the replace- 
ment allowance continues during the actual 
life, the amount in the replacement fund 
should be about 


38 per cent 


35 per cent 


24 per cent 
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By the Equal Annual Payment Method, if the 
amortization allowance be continued during 
probable life, the original investment should 
have been reduced (so-called accrued de- 
preciation) by about 

By the Equal Annual Payment ]\Iethod, if the 
amortization allowance be continued during 
the actual useful life, the original invest- 
ment should have been reduced (so-called 
depreciation) as follows: 
a. According to the plan A of estimating 
the annual allowance by about . . 

1 . According to the plan B of estimating 
the annual allowance by about 
By the Straight Line Method, the original in- 
vestment should have been reduced by 
about. . . . .... 

By the Unlimited Life Method there would be 
no reduction of the invested capital and 
there would theoretically be no accumula- 
tion in the replacement fund. 

Rental Value as an Aid in Determining Present Value. — 
Rental value is a convenient aid in fonning a clear conception 
of present or remaining value of any item of property. Take, 
for example, a high-duty pump and assume that the same be 
rented by Smith, the owner of a water-works property, from 
Jones on such terms that Jones will recover the cost of the 
pump during its life and interest on his investment. The care 
and the maintenance of the pump falls upon Smith. The 
rental value may be so determined that as the business grows 
the return to Jones of capital will be increased, but ordinarily, 
the pump being assumed to be in full service all the time, the 
rental value remains uniform throughout the period that the 
pump renders efficient service. If the interest rale agreed upon 
is 6 per cent and if it be further agreed that the probable life 
of the pump is 25 years, Jones will expect $7,82 per annum 


48 per cent 


18 per cent 
21 per cent 

33 per cent 
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throughout the probable life term of the pump for each $ioo 
of itis cost. The agreement will provide that he gets this sum 
annually so long as the pump remains an efficient appliance and 
that the pa}Tnent shall cease as soon as the pump becomes use- 
less. The present value of this pump to Jones for each $ioo 
of its cost, at any time of its life, will be the present value of 
an annuity of $7.82 for the expectancy or remaining life of the 
pump. This will be true if he is under no obligation to replace 
it and if scrap value be disregarded 

When the pump is new, the probable life or expectancy is 25 
years and the present value will be 100 per cent. 

When the pump is 10 years old, its expectancy may be about 
17 years and the remaining value at that time $82 for each $100 
of first cost or 82 per cent. 

When the pump is 25 years old and still in good condition, its 
expectancy may be about 9 years and the remaining value of 
each $100 of original cost at that time would be the present 
value of an annuity of $7.82 for 9 years or $53 or when compared 
with the total original cost, 53 per cent thereof. 

If the pump is defective or is put out of service by some 
accident before it has ser\^ed 25 years, Jones will be a loser. If 
it serves beyond the term assumed as the limit of its usefulness 
or beyond 25 years, Jones will be the gainer. If Jones is in the 
business of supplying pumps in large numbers on these terms 
he will find, if probable life has been correctly determined, that 
his capital is yielding 6 per cent per annum 

Further Comparison of Methods with Tables and Diagrams. 
— A further comparison of the various methods of procedure 
which have found favor when rates for the output of public 
service properties are to be fixed, is given in the following pages 
with tables and diagrams where practicable. These comparisons 
are strictly theoretical and are based in each case as noted on 
the impossible assumption that the actual life of every item 
which goes to make up the property will coincide with the prob- 
able life of that item. The comparison nevertheless shows where 
these methods, if consistently applied from the beginning, would 
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lead and are therefore of value to the appraiser and to the prop- 
erty owner, as well as to the rate-regulating authority. 

Tables ii and 12 illustrate forcefully the fact that under the 
Equal Annual Payment Method the amount to be earned annu- 
ally from the beginning of operations is uniform and that under 
the Straight Line Method the amount of earnings should be 
greatest at the beginning. 

TABLE II STRAIGHT LINE METHOD 
(Hypothetical) 


Cost of plant $100 Probable life 10 years. Interest 6 per cent. No 
distinction is made between probable and actual life. The annual amor- 
tization or depreciation increment is Sio 


Year 

Accrued depre- 
ciation or amorti- 
zation at end ot 
year 

Present value, re- 
maining investment 
or rate-base at be- 
ginning of year 

Interest on rate- 
base. 

Annuvil amortiza- 
tion and interest. 

I 

$10 

$100 

$6 00 

! 

$16 00 

2 

20 

90 

5 40 

15 40 

3 

30 

80 

4 80 

14 80 

4 

40 

70 

4 20 

14 20 

5 

50 

60 

3 60 

13 60 

6 

60 

50 

3 00 

1 13 00 

7 

70 

40 

; 2 40 

12 40 

8 

80 

30 

I 80 

II 80 

9 

90 

20 

; I 20 

II 20 

10 

100 

. 10 

0 60 

1 10.60 


TABLE 12. EQUAL ANNUAL PAYMENT METHOD 
(Hypothetical) 


Cost of plant $100. , Probable life 10 years Interest 6 per cent. No 
distinction is made between probable and actual life. 


Year. 

Annual depre- 
ciation or 
amortization 
increment. 

Accrued depre- 
ciation or 
amortization 
at end of year. 

Present value, 
remaining in- 
vestment or rate- 
base at begin- 
nmg of year. 

Interest on 
rate-base. 

Annual amor- 
tization and 
mterest. 

I 

®7 59 

®7 59 

$100.00 

$6.00 

813 59 

2 

8 04 

15 63 

92 41 

5-55 

13 59 

3 

S 53 

24 IS 

84 37 

5 06 

13-59 

4 

9.04 

33-19 

75 8 s 

4-55 

13-59 

5 

9*58 

! 32 77 

66.81 

4.01 

13-59 

6 

10.15 

! 52.92 

57.24 

3-43 

13-59 

7 

10.76 

63 68 

47.08 

2.83 

13-59 

8 

II. 41 

75-09 

36.32 

2.18 

13-59 

9 

12.09 

87.18 

24.91 

1 ,50 1 

13-59 

10 

12.82 

1 100,00 

12,82 

0.77 

13-59 
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The Sinking Fund Method, if correctly applied, involves, as 
already stated, only a one time calculation of the annual depre- 
ciation or replacement increment and its result agrees with that 
of the Equal Annual Payment Method. 

The Unlimited Life Method is the most flexible. It may be 
so applied as to give identical results vnth the Equal Annual 
Payment and the Sinking Fund Method, or it may be applied 
to vary somewhat therefrom so as to make the earnings require- 
ments least in the early years 

Under the Sinking Fund Method, on the above assumption 
with reference to absolute agreement of actual with probable life, 
the annual requirement for $100 of cost would be interest of 
$6 and the amortization or depreciation increment of $7.59 for 
each of the 10 years of life making a total of $13.59 for each 
year. 

Under the Unlimited Life Method, the replacement incre- 
ment may be estimated as in the case of the Sinking Fund 
Method, in which event the required annual earnings would be 
$13.59 or they may be graded from a smaller amount in the 
earlier years to a larger amount in the later years, in which 
event the required annual earnings would appear on an increas- 
ing scale. 

The extreme case has been assumed for the illustration of the 
Unlimited Life Method in Table 13, that no provision whatever 
is made for replacement until the article to be replaced fails. 
This will account for the sudden increase noted for the eleventh 
and twenty-first years, in each of which the replacement require- 
ment is increased by $100. The first of the original articles fails 
in the tenth year (actual life being assumed the same as the 
probable life), and thereafter $100 of the original investment goes 
out of use and has to be replaced annually until and after the 
twenty-fijst year when the annual replacement requirement is 
$200. 
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TABLE 13 COMPARISON OF METPIODS OF PROCEDURE 
(Hyi)otheticaD 

Annual investment $100 Probable lilc of all jjarts of the prf»perty xo 
years Interest 6 per cent No distinction is made between probabk \ind 
actual life 



Straight Line 
Method 

Equal Annual Pay- 
ment Method 

Sinking Fund M( thod 

UnbtnCtd Lite 

Mt thod 

Year 

Rate- 
base be- 

Required 

Rate-ba«c ' 
beginning j 

Require d 

Rjtt -ba'-c 
beginning 
of V ( ar 

Required 

R.u-I 

Ui ( Lf*-, 

Rt fjuin d 


ginning 
of year 

earnings 

of iear I 

earnings 

earning > 

ginning 
i)t Mar 1 

f arnings 

I 

$100 

$16 00 

$100 00 

S13 S 9 

Si 00 00 

813 59 

8100 

St j . 00 

2 

190 

31 40 

192 41 

27 X7 

0 

0 

0 

0 

r 4 

27 r 7 

200 , 

IJ 00 

3 

270 

46 20 

276 78 

40 76 

300 00 

40 76 

300 , 

18 00 

4 

340 

60 40 

352 63 

54 35 

400 00 

54 *35 

400 1 

24 00 

S 

400 

74 00 

4x9 44 

67 94 

500 00 

67 94 

500 ‘ 

.;o 00 

6 

450 

87 00 

476 68 

Si 33 

600 00 

81 53 

Goo 1 

36 00 

7 

490 

99 40 

523 76 

95 12 

700 00 

95 12 

700 ! 

p 00 

8 

520 

III 20 

560 08 

108 69 

800 00 

loS Gq 

800 

48 00 

9 

540 

122 40 

584 99 

122 28 

900 00 

122 28 

900 

34 00 

10 

550 

133 00 

S 97 81 

133 S7 

1000 00 

X ^5 87 

1000 

Go 00 

II 

650 ! 

149 00 

697 81 

149 46 

1100 00 

149 46 

1100 

iGb 00 

12 

740 

164 40 

790 22 

163 05 

1200 00 

163 05 

1200 

172 00 

13 

820 

179 20 

874 59 

176 63 

1300 00 

176 63 

, 

178 00 

14 

890 

193 40 

950 44 

190 22 

1400 00 

igo 22 

T400 

1S4 00 

15 

950 

207 00 

1017 25 

203 81 

1500 00 

203 81 

1^00 

190 00 

16 

1000 

220 00 

1074 49 

217 40 

1600 00 

217 40 

1600 j 

; 196 00 

17 

1040 

K) 

t 

iiii 57 

230 99 

1700 00 

230 99 

1700 

I 202 00 

18 

1070 

244 20 

1147 89 

244 36 

iSoo 00 

244 56 

1800 

J08 00 

19 

1090 

25s 40 

1172 80 

258 13 

1900 00 

258 IS 

1900 

214 00 

20 

1100 

266 00 

1185 62 

271 74 

2000 00 

271 74 

2000 

220 00 

21 

1x90 

282 00 

1278 03 

283 33 

2100 00 

285 33 

2100 

^26 00 


One more comparison may be of interest as shown in 
Table 14. 

TABLE 14 COMPARISON OF METHODS OP PROCEDURE 
(Hypothetical) 

The property is made up of numerous items of all possible ages, the 
combined cost of which is $100 The probable life of each item is 10 3^ears. 
All considerations are theoretical and no distinction is made between 
actual and probable life. Interest 6 per cent. The property is supposed 
to have reached its full growTh and to be more than 10 years old 


Method, of procedure 

Rate-base 
beginning 
of year. 

Interest on | 
rate-base, j 

! 

Annual de- 
preciation 
or replace- 
ment incre- 
ment. 

Required 

eammgs. 

Straight line amortization method 
Equal annual payment amortiza- 

SS 5 00 ’ 

13.30 

$10 00 

^13-30 

tion method ... 

59 78 

3-39 

10 00 

13.59 

Sinking fund replacement method 

100 00 , 

6,00 

7 59 

13 59 

Unlimited life replacement method 

100 00 

6.00 i 

xo.oo 

16 00 
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The total required earnings appear largest for the Unlimited 
Life Method for the reason that the required earnings in the 
early years of the plant’s life are supposed to have been low. 

When rates are to be fixed for a public service property which 
is long established, concerning which past records are unrelia- 
ble, but which is legitimate, rendering a necessary service and 
entitled to fair income, the question as to which method of 
procedure should be adopted presents itself. 

Let it be supposed that the records indicate a fairly normal 
development and growth with some years of inadequate earnings 
and no conclusive evidence that any part of the invested capital 
has been repaid, but that worn-out parts have been renewed as 
necessary and that the service rendered has been satisfactory. 

In this assumed case the application of the various methods 
of procedure will theoretically produce results as shown in Table 
14, If any of the methods except the Unlimited Life Method 
be adopted, recourse will probably be had to an addition of 
large values for intangible elements in order that no injustice 
may be done to the owner of the property. In most cases the 
Unlimited Life Method will be indicated as most nearly equi- 
table. This will be yet more apparent when the effect of the 
non-agreement of actual with probable life upon the application 
of the various methods of procedure is taken into account. 

The comparison of results by the methods of procedure which 
have been under discussion has been visualized, for the special 
case of a single item which cost $100, in a diagram, Fig. 2. 
It has been assumed in the preparation of this diagram that in 
the application of the Unlimited Life Method to a single article 
the replacement requirement will be anticipated and will be 
estimated by the compound interest Sinking Fund Method. In 
the practical application of this method a close approximation 
of the replacement requirements is not essential because no part 
of the replacement increment goes to the repayment of capital 
This entire increment remains in the replacement account and 
will be subject to being decreased or increased from time to 
time as this account shows to be necessary. 








1 88 VALUATION, DEPRECIATION AND THE RATE-BASE 

The Obligation to Replace. — In further substantiation of the 
advantage which results from use of a rate-base computed from 
the investment without any deduction of depreciation, attention 
may be called to the obligation to replace worn-out or discarded 
essential parts of every public utility plant which goes with the 
ownership thereof. It does not matter, in the case of any in- 
dividualized article, such as a steamboat, whether a replacement 
fund is being set apart to be kept inviolate and is accumu- 
lating interest at a rate which will bring it to the value of the 
steamboat in its life or whether there is no such fund. The 
owner of the steamboat is burdened with the obligation to re- 
place and tliis obligation is as real and as binding as though it 
were represented by an accumulated fund. It is optional with 
him whether to set apart a fund if none exists and let its earn- 
ings go toward a new' steamboat or to simply let the obligation 
stand and to provide funds for the new steamboat when the old 
one goes out of use. To the extent of this obligation, that is, 
to the amount w^hich should be in a replacement fund, any cap- 
ital which he commands is available for no other use than the 
replacement when the time comes. The interest on this fund, 
real or imaginary, is available for this use only and as the fund, 
together with the remaining physical value of the steamboat, is 
equal to the amount originally invested in the steamboat, it is 
plain that there is no need of annually drawing the dividing 
line between the remaining physical value and the amount 
which should be in the replacement fund (the so-called accrued 
depreciation). The remaining physical value plus the obliga- 
tion to replace is the invested capital on which the interest is 
to be computed whenever earned depreciation or replacement 
allowances are not regarded as amortizing capital. 

Period and Rate of Amortization. — When a municipality con- 
structs improvements under a bond issue or otherwdse, suitable 
provision is made for the replacement of any of the worn-out 
parts of these improvements at the time that these parts go out 
of use. This is in strict conformity with the procedure under 
the Unlimited Life Method. But in the case of the municipal- 
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ity the bond issue, if any, is also to be taken care of. The 
cost of the improvement is, in other words, to be distributed 
fairly to those that will benefit thereby. This is usual 1 }’ done 
by so fixing the term of the bonds that the cost will be distrib- 
uted over a sufficiently long period of time. The determina- 
tion of this time period need not be in any definite relation to 
the life of the parts of the improvement. The improvement 
itself will usually be one that may be regarded as having un- 
limited life, such as parks, playgrounds, streets, and the like. 
When the term of the bonds of longest life has been fixed on the 
basis of the probable life of the main elements of the improve- 
ment, or in some other way, then a determination must be reached 
as to the best and most equitable rate of amortization. 

This amortization may take place at a uniform rate per year, 
bearing heavily on present day property owners — Straight Line 
Method. 

It may take place at an increasing rate per year: 

(а) According to the scheme outlined under the Equal Annual 
Payment Method. 

(б) According to any arbitrary scheme that will approximate 
the compound interest Sinking Fund Method of estimating the 
annual amortization increment. 

Or, it may be deferred for a time and then take place accord- 
ing to either of these methods. 

In the case of a public service property constructed by a 
municipality the amortization of capital usually begins at or 
soon after the acquisition of the property and in the case of a 
utility constructed by a private owner, the amortization of 
capital should begin under the Straight Line Method and the 
Equal Annual Payment Method at the beginning of operation, 
and, theoretically under the Sinking Fund Method or the Un- 
limited Life Method as herein fully explained, not at aU in so 
far as rate-base determination is concerned, during the continu- 
ance of full private ownership. 

In Fig, 3 a comparison is made between the annual amortiza- 
tion allowance computed by the Straight Line Method and the 
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Equal Annual Payment Method and the probable annual re- 
placement requirements as these would be estimated by the 
hypotheses of failures which are referred to in Chapter VI. 

These curves show the wide departure of the results by the 
Straight Line Method and by the Equal Annual Payment 
Method from the actual maintenance requirement and demon- 
strate the desirability of proceeding under the Unlimited Life 
Method. The replacement requirements line represents ap- 
proximately the expenditures which are necessary from time to 
time for renewals to keep the plant in an efficient condition. 
The wide departure of these from the amortization lines deter- 
mined by the common methods of estimating depredation are 
made apparent by the diagram. Further comment is hardly 
necessary, except to say that under the Unlimited Life Method 
the actual replacement requirements may be assumed to ap- 
proximate lines I and 3 for a number of articles of the same 
probable life in a plant of full growth and to approximate lines 
2 and 4 for articles distributed in equal amounts to all possible 
ages (plant made up of uniform annual additions). 

Advantage of the Unlimited Life Method. — The comparison 
of methods of procedure when valuations are to be used as the 
basis of fixing rates may be siunmed up in the broad statement 
that a close approximation of the rate-base and of the necessary 
annual earnings is not possible by any method of appraisjil 
which makes the ascertainment of accrued depredation neces- 
sary; that the use of any such method requires trained experts 
and involves cumbersome calculations and that the xmeertain- 
ties of the determination of depreciation affect not alone the 
valuation but also the required annual earnings, while, on the 
other hand, the methods which make use of the amount of 
capital reasonably and properly invested _ as a rate-base are 
simpler and free from uncertainties except in the matter of the 
provision which should be made either for current depredation 
imder the Sinking Fund Method or for replacements under the 
Unlimited Life Method. The last-named mediod has the unique 
advantage of easy adaptation to any situation that may develop, 
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particularly in the matter of adjusting the amount which annu- 
ally goes into the replacement fund to the amount found, by 
actual experience, to be necessary for any special plant. This 
method, when selected for a new plant, also has the advantage 
over other methods that the required earnings in the early 
years are less than those estimated by any of the others. It 
will therefore show for the same amount of earnings a smaller 
annual loss or a larger annual profit in the early years than the 
other methods. 

Careful investigation might show that the Unlimited Life 
Method is but an old method under a new name. Industrial 
establishments and public utilities could without doubt be 
found which had been operating in substantial conformity with 
this procedure before they came under control of public service 
commissions. As the method is theoretically sound and has 
weighty advantages in its favor both from the standpoint of 
the rate-payer who wants the burden light in the early years 
of the utility’s life and of the owner who wants his invest- 
ment protected without the uncertainty and confusion of present 
value considerations, it seems probable that it may come into 
general favor despite the present-day leaning of the public 
service commissions and the courts in another direction. 

A good illustration of the difficulty of dealing with depreciat- 
ing property and of the undesirability of using depreciated oi 
remaining value of physical property in the rate-base will be 
found in the general principles enunciated by the Engineering 
Board, Division of Valuation, Interstate Commerce Commission, 
as submitted to the Commission in November, 1915. The Board 
lays down the following general rules: 

When depreciating property under the several accounts, the 
following general rules shall apply: 

“ I. Ordinarily, service condition per cent shall be the ratio 
between the remaining service life and the total service life. 
When the depreciation of an item of property is based upon the 
weighted average of the parts, the service condition of each part 
shall be determined by this ratio. 
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“ 2. When a normal life for a particular item of propcity has 
been prescribed for use in determining depreciation, that life 
must not be departed from unless an investigation of the records 
of the carrier or actual inspection in the field, or the two com- 
bined, warrant such departure. In no case shall a remaining 
service life of an item of property be taken at more than the 
prescribed normal life. 

“ 3. When no normal life is prescribed, the total sendee life 
and remaining service life shall be determined from observation 
of actual conditions and the examination of records and rlata 
from reliable sources. 

“ 4 Salvage and scrap will be allowed in cases where such 
values actually exist. Whether allowance shall be made in a 
given case for salvage or scrap shall be left to the discretion of 
the member of the Engineering Board. If an allowance is made 
this fact shall in all cases be stated upon the pricing sheet even 
though at the time the amount of the allowance cannot be 
given.” 

The complex operations involved in applying these rules when 
rates are to be fixed, is in strong contrast with the simple opera- 
tions involved in proceeding under the Unlimited Life Method 
which requires no estimate of accrued depreciation. 

The Use of Cost Records and Cost of Reproduction New. — 
The purpose of the valuation of the public utility may be as 
already stated: 

a. To fix a selling price 

b. To establish a basis for an issue of securities. 

c. To establish a rate-base. 

d. To serve as a basis for taxation. 

The ascertainment of the rate-base is important. By adding 
to or subtracting from the same, various facts relating to values 
can be ascertained. It may be possible to determine cost of 
construction from the cost records. When this can be done, 
there should be a check by means of estimates of the cost of 
reconstruction to make certain that the actual reported cost 
is legitimate and that it does not include too much overhead 
expense nor too large expenditures for abandoned or discarded 
items, i.e., for items that were intended for temporary use 



194 VALUATION, DEPRECIATION AND THE RATE-BASE 

only or that failed for any reason to fulfill their intended 
purpose. 

The cost records are not always dependable and they may 
have to be either entirely disregarded or largely supplemented 
by cost estimates. Recourse may be had in such cases to the 
cost of reproduction as a means of approximating the amount 
that may reasonably be assumed to be properly invested in the 
property. In making the estimate of the cost of reproduction 
it is not advisable to use the prices of materials and labor 
momentarily prevailing but rather the average for a consider- 
able time period, preferably about 5 years. 

Tabulation of Field Results. — The results of the field exami- 
nation, including a classified enumeration of the physical items 
that go to make up the property, should be tabulated in con- 
venient form on sheets which will show in appropriate columns 
information about as follows: 

1 . The year of installation. 

2. The age. 

3. The probable life new. 

4. The expectancy or estimated remaining years of service. 

5. The cost to reconstruct, itemized. 

6. The sub-totals of (5). 

7. The contractor’s profit. 

8. The totals of (6) and (7). 

9. The allowance for overhead expenses. 

10. The total investment, estimated as the sum of (8) and (9). 

XI. The residual or scrap value. 

12. The present value, in per cent, computed from (3) and 
(4) (sometimes called condition per cent). 

13. The remaining or present value in dollars (computed 
from (10), (ii), and (12)). 

14. The accrued depreciation (10) ~ (13). 

2:5. The current rate of depreciation (computed from (3), 
(4). (10) and (ii)). 

It will be noted that according to this tabulation the cost to 
reconstruct and the residual or scrap value are considered when 
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estimating the remaining value from the remaining years of 
service. Theoretically this cost of effecting the replacement 
should be taken into account, but it is sometimes convenient 
to let the original cost less residual value take its place. 

According to the selected method of procedure, the rate-base 
is computed from the tabulated infonnation by adding the cost 
of establishing the business and of any other definitely ascer- 
tainable items of intangible character, such as the cost of the 
franchise, or the cost of the water-right, to the sum of items in 
column (10) for the Sinking Fund Method or for the Unlimi- 
ted Life Method of procedure; or by adding these items of 
intangible character to the sum of the items in column (13) 
when the Equal Annual Payment Method or the Straight Line 
Method of procedure is to be adopted. 

The Effect of Method of Procedure on Market Value. — 
When a market value of a successfully operating plant is to be 
fixed on the assumption that there is accrued depreciation but 
that there is no deferred maintenance, special consideration 
must be given to the method of procedure followed by the rate- 
fixing authority: 

If the Unlimited Life Method has been the procedure, the 
owner may not have recovered any part of the accrued 
depreciation in the earnings but only enough to meet 
replacement requirements. The market value in that 
event should not be less than the rate-base in column 
(10) determined from the investment without deduction 
of depreciation, plus some addition for value due to net 
earnings in excess of interest on the rate-base. 

But if, under the Unlimited Life Method or under the Sinking 
Fund Method of procedure, the owner has received some 
annual amount to forestall the replacement requirement 
and retains possession of whatever amount there may be 
in the replacement fund, the market value will be less 
than the amount determined on the other assumption 
by the amount which should theoretically be in the re- 
placement fund. 
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If the Equal Annual Payment or the Straight Line Method 
of procedure has prevailed from the beginning and a 
continuance thereof is a certainty, the market value 
will be ascertained from the rate-base, column (13), 
determined from the investment less depreciation to 
which may be added something for value due to net 
earnings in excess of interest on the rate-base. 

Rate-base Determination. — When a rate-base is to be estab- 
lished, the totals of columns (10) or (13) will be used in com- 
bination with all or a part of any allowance for establishing the 
business and the cost of the ascertainable items of intangible 
character such as franchises and water-rights. The sum of 
these items with the total of column (10) will be the rate-base 
for the Unlimited Life Method and the Sinking Fund Method 
of procedure, and the sum of these items with the total of column 
(13) will be the rate-base for the Equal Annual Payment Method 
and the Straight Line Method of procedure. This is subject to 
the proviso that past history will show that accruing depre- 
ciation has actually been offset by earnings Unless there has 
been a surplus in the earnings over a fair net return which is to 
be allowed on the investment, there will have been no amorti- 
zation, despite the fact that depreciation is obvious. The ac- 
crued depreciation as ascertained for any particular time does 
not always measure the amount of accomplished amortization. 
This is only the case when the allowance for depreciation, under 
these two methods of procedure, has actually been earned and 
has been collected. 
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NOTES ON THE DETERMINATION OF THE VALUE OF 
REAL ESTATE IN EMINENT DOMAIN PROCEED- 
INGS AND FOR RATE-FIXING PURPOSES 

Market Value of Real Estate and the Rate-base. — The 

market value of real estate is not to be confounded with the 
amount at which it is carried in the rate-base„ While consider- 
ation must sometimes be given to market value in fixing the 
rate-base this is not ahvays necessary. In fact the determina- 
tion of the rate-base should ordinarily be independent of market 
value because it is not value but investment which 
should be made the guide and control when rates are to be 
fixed. When there is uncertainty about the reasonable cost or 
when the first dependable valuation for rate-fixing purposes is 
made long after the acquisition of the property, circumstances 
may, however, point to market value at some agreed time as 
the best starting point. 

Market Value Defined in Court Decisions. — The U. S. 

Supreme Court in Boom Co. vs, Patterson (98 U. S. 403, 408; 
25 L. Ed., 206) says in discussing market value: 

The inquiry in such cases must be what is the property 
worth in the market, viewed not merely with reference to the 
uses to which it is at the time applied but with reference to the 
uses to which it is plainly adapted; that is to say, what is it 
worth from its availability for valuable uses. ... Its capa- 
bility of being made thus available gives it a market value which 
can be readily estimated.^^ 

In this case the Boom Company had brought suit in Minne- 
sota against Patterson, a citizen of Illinois, to condemn three 
islands which were desired for use in connection with a series of 
log booms. A verdict was returned by the jury for $9358.33, 
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the value of the islands having been found to be $300 aside 
from any consideration of their value for boom purposes and 
$9058.33 due to their adaptability for this special use. 

The Court granted a motion for a new trial, unless the owner 
would consent to accept $5500. This amount was acceptable 
to the owner and judgment for this amount was entered in his 
favor. The Boom Company then appealed. 

The Court is perhaps a little over-confident in saying that 
the market value can be readily estimated. In all other respects 
the statement is clear and logical. 

The proposition is being generally recognized by the courts 
that, when the right of eminent domain is exercised, the ques- 
tion to be considered is What is the value of the property for 
the most advantageous uses to which it may be appKed ?” 

See Goodin vs. Cincinnati and Whitewater Canal Co. (18 
Ohio St. 169). 

Young vs. Harrison (17 Ga. 30) 

U. S. vs. Chandler-Dunbar Water Power Co. (229 U. S. 53, 

76). 

In this last-named case referring to the award of special 
value for canal and lock purposes it was said: 

The exception taken to the inclusion as an element of value 
of the availability of these parcels of land for lock and canal 
purposes must be overruled. That this land had a prospective 
value for the purpose of constructing a canal and lock parallel 
with those in use had passed beyond the region of the purely 
conjectural or speculative. That one or more additional parallel 
canals and locks would be needed to meet the increasing demands 
of lake traffic was an immediate probability. This laUd was 
the only land available for the purpose.^^ 

See also Shoemaker vs. U. S. (147 U. S. 282). 

In the case of San Diego Land and Town Co. vs. George 
Neale et al (78 Cal. 63, 68; 30 Pac, Rep. 372; 3 L. R. A. 372) 
the majority of the Court says: 

“ The consensus of the best-considered cases is that for the 
purposes in hand the value to be taken is the market value, by 
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which is undoubtedly meant, not what the owner would realize 
at a forced sale, but ^ the price that he could obtain after rea- 
sonable and ample time, such as would ordinarily be taken by 
an owner to make sale of like property/ ... But in many 
instances, as in the case before us, there is no actual demand or 
current rate of price, either because there have been no sales of 
similar property, or because the particular piece is the only 
thing of its kind in the neighborhood, and no one has been able 
to use it for the purpose for which it is suitable and for which 
it may be highly profitable to use it. . . . From the neces- 
sity of the case the value must be arrived at from the opinions 
of well-informed persons, based upon the purposes for which 
the property is suitable. . . . What is done is merely to take 
into consideration the purposes for which the property is suit- 
able, as a means of ascertaining what reasonable purchasers 
would in all probability be willing to give for it, which, in a 
general sense, may be said to be the market value. And in 
such an inquiry it is manifest that the fact that the property 
has not previously been used for the purposes in question is 
irrelevant. The current of authority sustains these views.” 

What a Purchaser can Afford to Pay is not Market Value. — > 
The value to the person who desires to acquire the property, 
the amount, in other words, which such person can afford to 
pay for it, is not its market value. In the Chandler-Dunbar 
Water Power Co. case above referred to the U. S. Supreme 
Court says (229 U. S. 80): 

“ In a condemnation proceeding the value of the property to 
the Government for its particular use is not a criterion. The 
owner must be compensated for what is taken from him, but 
that is done when he is paid its fair market value for all avail- 
able uses and purposes.” 

Reference may also be had to the Minnesota Rate Cases ” 
(230 U. S. 352, 451). 

And also to “ Five Tracts of Land in Cumberland Tp., Adams 
Co. Pa. vs. U. S.” (loi Fed. 66i, 664). 

U. S. vs. Honolulu Plantation Co. (122 Fed. 581, 584; 58 
Circuit Ct. Appeals 279). 

The proposition that the necessity of the party desiring to 
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acquire property by eminent domain cannot be made the 
measure or market value is further made clear in: 

Tidewater Canal Co. vs. Archer (9 Gill and J. Md. 481; 22 
Md. 307). 

Gardner vs. Inhabitants of Brookline (127 Mass. 358). 

Burt vs Wigglesworth (117 Mass. 302). 

Reading and Pottsville R. R. Co. vs. Balthasser (126 Pa. St. i). 

Dorian vs. East Brandywine and W. R. 46 Pa. 520 The 
Stockton and Copperopolis Railroad Co. vs. Vincent 
Galgiani (49 Cal. 139). 

Admissibility of Evidence Relating to Value for a Special 
Purpose. — The question relating to the admissibility of evi- 
dence bearing directly upon the value of a tract of land for 
reservoir purposes is quite fully discussed in Spring Valley 
Water Works vs. Drinkhouse (92 Cal. 528, 532; 28 Pac. Rep. 
681). The view expressed in that case that value of the land 
for reservoir purposes might be shown appears however to be 
controverted in the more recent case of “ Sacramento Southern 
Railroad Co. vs. Heilbron ” (156 Cal. 408) which involves the 
condemnation of a strip of land for railroad purposes. It was 
contended in this case that the rule as laid down in California 
permits evidence of value for the use of the land for a particular 
purpose in terms of money In reference to this contention the 
Court says: 

It is seen, therefore, that this Court by its latest utterances 
has definitely aligned itself with the great majority of the courts 
in holding that damages must be measured by the market value 
of the land at the time it is taken, that the test is not the value 
for a special purpose, but the fair market value of the land in 
view of all the purposes to which it is naturally adapted; that 
therefore while evidence that it is ‘ valuable ^ for this or that 
or another purpose may 'always be given and should be freely 
received, the value in terms of money, the price, which one or 
another witness may think the land would bring for this or that 
or the other specific purpose is not admissible as an element in 
determining that market value.^^ 

Apparently, if this rule is strictly adhered to, it will debar 
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from consideration the economic features which determine 
whether and to what extent the enterprise which involves the 
acquisition of the land can be made profitable. It may make 
it impracticable to get before the court that information which 
a prudent purchaser would seek when making up his mind 
relating to the price which he would be justified in paying. 

The presentation, then, in court of the evidence on which the 
valuation of real estate is to be based is not always a simple 
matter. The information wanted is the market value. The 
expert who testifies to value must inform himself what the 
value is, all purposes for which the property is .suitable being 
taken into account. Recent court rulings appear, as above 
shown, to be against allowing evidence which will show the 
value in money for any special purpose. 

The local dealer in real estate who knows what sales have 
been made in recent years and who knows or is supposed to 
know the effect that the adaptability of any particular tract of 
land to a particular purpose has upon the market value of that 
land is, according to such rules of procedure, the proper value 
expert. His opinion relating to the money value of an island 
for boom purposes, or of a tract suitable for a dam site or for a 
reservoir site or for some other public use, is allowed to go before 
the judge or jury that fixes the value while the trained engineer- 
ing expert who may have made a careful analysis of all eco- 
nomic features involved but who may have no knowledge of the 
land value for other than one special purpose, is not allowed to 
testify to the value which the same property would have for the 
special use to which it is about to be put for the benefit of the 
public. He is restricted to a statement of the nature of such 
use and may present facts relating thereto but he must not 
express an opinion relating to value in terms of money unless 
he is in a position to say that he has given consideration to all 
possible uses. 

This rule of the courts is intended to stop the introduction of 
evidence too speculative and remote in character. The possi- 
bility of growing a special crop at an estimated annual profit 
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per acre and a determination of the land value from the net 
return resulting from growing such a crop is held to be too 
speculative and no doubt with reason. But the court should 
not be denied such information as would be collected by a pru- 
dent purchaser who neglects no source of information when he 
makes up his mind what would be a reasonable price to pay 
for the property sought to be acquired, and there should be no 
testimony excluded which will throw light on the circumstances 
which affect or fix the market value. The favorably disposed 
purchaser will not restrict himself to the questioning of those 
only who are supposed to have general knowledge of the market 
value resulting from every possible use. He will rather make 
inquiry along every possible line and will not neglect special 
adaptability to a particular purpose. He will want to know the 
strategic value of the property when made use of for the special 
purpose to which it is supposed to be best adapted. If the 
value for such a special purpose can be ascertained with due 
consideration of all elements involved — adaptability to special 
uses with due allowance for risk, the cost of development, the 
cost of operation, the immediate or deferred market for the 
output or service and the prospective net return that will result 
from the use of the property, — the knowledge so obtained wiU 
aid the purchaser in reaching his conclusion concerning what 
a well-informed public would consider such a property worth. 

The amount which a particular municipality or a person who is 
seeking to condemn a property can afford to pay cannot, how- 
ever, be made the measure of the market value. This may 
define an upper limit. More cannot be paid by that munici- 
pality or person. The purchase at the full amount determined 
by such necessity would deprive the person, who wishes to utilize 
the property for the special purpose to which it is adapted, of a 
margin of profit to which such person is entitled. 

In the light of the foregoing it would seem reasonable to 
exclude from the consideration of the courts in condemnation 
proceedings evidence relating to the value expressed in money 
for such special uses as can be exercised only by the person who 
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seeks to condemn the property, as in the case of land required 
by the Government for fortification purposes, or for a light 
house, but in all cases where the adaptability to the special 
use is recognized and the property can be applied to that use 
by any one suitably circumstanced, the evidence relating to the 
effect of such adaptability upon market value should be admissi- 
ble. It should be admitted even though somewhat speculative. 
The court must determine what weight to give to evidence of 
value for special uses which only remotely affect the market 
value. 

In the case of a mine on land whose surface has value for 
no other purpose than grazing, it will, unquestionably, be proper 
to ascertain the value of the land for the special purpose of min- 
ing. If the land has value for mining and at the same time for 
reservoir purposes or as a dam site, there should be no objection 
to a consideration of these values separately for each specific 
purpose, just as the same would be considered by the prudent 
purchaser when he makes a study of market value. The con- 
sideration of the effect of availability for these purposes upon 
market value is not to be classed as too speculative. If use for 
any such purpose lies in the future, due allowance must be 
made for the lapse of time before the ultimate value resulting 
from that use can be realized. If the time is uncertain and 
remote, the effect of the special adaptability upon market value 
will be small when compared mth what tliis effect might be if 
immediate use ^were a certainty. 

The Value Multiple. — Other considerations, too, may limit 
this market value. • It has, for example, become a practice, 
almost standard, to value rights of way for railroads and high- 
ways at from 1.5 to 3.0 times the market value of adjacent 
lands of similar character. Custom has given land required for 
such uses such values. There are no frequent transfers of such 
property as in the case of town lots or farms. Consequently 
the determination of the value multiple which may be regarded 
as generally customary in the region where a right of way is to 
be valued may be the best guide in fixing this value. 



204 VALUATION, DEPRECIATION AND THE RATE-BASE 


In the case of a storage reservoir from which water may be 
required for an immediate high use, such as a municipal supply, 
and where the most profitable other use to which the reservoir 
land can be put is grazing, there may be a wide difference be- 
tween values if determined for these two purposes. And yet in 
such a case the fact that this particular property will sooner or 
later be used for water development purposes may have given 
it a market value that cannot be ignored when the right of 
eminent domain is exercised. If the public has correctly deter- 
mined this market value, it will lie somewhere between the value 
of the land for grazing and the amount which a person can afford 
to pay who wishes to use it for the storage of water This does 
not mean that the original owner is to share the increment of 
special value equally with the party who is going to put the 
land to a special use but merely that he should share, to some 
extent, in the same. 

When the value of land for a special purpose is but little in 
excess of the value of the land for ordinary uses, the division of 
the excess might, perhaps, equitably be on the basis of an equal 
division between the original owner and the person who desires 
to acquire the land. When, however, this excess is relatively 
large, then it may be proper and fair to assume that the larger 
portion of the excess value created by the enterprise should go 
to the person who is ready to take the risk of a successful carry- 
ing out of the enterprise and this fact should not be lost sight 
of in estimating market value. 

When lands are to be taken for fortification and other similar 
purposes where consideration of the value expressed in money 
for the special purpose is not admissible, consideration should 
be given to the fact that the owner is forced to part with property 
for the good of the public and is entitled to receive for it some^ 
what more than the price which would obtain between a willing 
seller and a buyer, and also to the fact that whenever 
the adaptability of a piece of property for a special use is gen- 
erally recognized, such property must have acquired greater 
value than other similar property not available for such use* 
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The owner who is forced to part with his property in such cases 
should obtain a reasonable reward for his foresight in acquiring 
property of special adaptability to some important use. This 
reward should, whenever practicable, bear some reasonable rela- 
tion to the value for other uses to which the property can be 
put. There may be cases in which a 25 or 50 per cent allowance 
will be adequate, and there may be others in which this allowance 
may exceed the value for other uses two-, five- or even ten-fold, 
and there may also be occasional cases where a rca.sonabIc allow- 
ance not capable of demonstration, but yet fair when all cir- 
cumstances are considered may be out of all relation to value 
for other uses. 

The value multiple, as applied in any locality to railroad 
rights of way, and the unit price per pole of a power line are the 
outcome of numerous adjustments resulting from a regard to 
considerations as above set forth, and where such multiples are 
recognized, they, in turn, as already stated, have an effect upon 
market value of other similar easements. 

The Value Multiple in the Minnesota Rate-Cases. — In con- 
nection with the valuation of rights of way and other lands as a 
part of the appraisal to be taken into account when the rates of 
public utilities are to be fixed, the decision of the United States 
Supreme Court in the Minnesota Rate-Cases is of interest 
(230 U. S. 352; 33 Sup. Ct. 729, June 9, 1913). Justice Hughes, 
in writing the decision of the court, says: 

“ The increase sought for ' railway value ’ in these cases is 
an increment over all outlays of the carrier and over the values 
of similar land in the vicinity. It is an increment which can 
not be referred to any known criterion, but must rest on a mere 
expression of judgment which finds no proper test or standard 
in the transactions of the business world. It is an increment 
which in the last analysis must rest on an estimate of the value 
of the railroad use as compared with other business uses, it 
involves an appreciation of the return from rates (when rates 
themselves are in dispute) and a sweeping generalization em- 
bracing substantially all the activities of the community. For 
an allowance of this character there is no warrant. 
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‘'Assuming that the company is entitled to a reasonable share 
in the general prosperity of the communities which it serves, 
and thus to attribute to its property an increase in value, still 
the increase so allowed, apart from any improvements it may 
make, cannot properly extend beyond the fair average of the 
normal market value of land in the vicinity having a similar 
character. Otherwise we enter into the realm of mere conjec- 
ture. We, therefore, hold that it was error to base the estimates 
of the value of the right-of-way, yards and terminals upon the 
so-called ‘ railway value ’ of the property. The company would 
certainly have no ground of complaint if it were allowed a value 
for these lands equal to the fair average market value of similar 
land in the vicinity, without additions by the use of multipliers, 
or otherwise, to cover hypothetical outlays.” 

The Court in this decision may be correct in stating that 
market value should be determined without the use of multi- 
pliers. Nevertheless the fact that rights of way are actually 
costing from 25 to 200 per cent more than lands of similar char- 
acter in the same vicinity will have an unquestioned effect upon 
the market value of lands required for other rights of way and 
this effect cannot well be ignored when such lands are to be 
valued. 

Right-of-Way Value in the Georgia Railway Case. — Special 
Master Thorington, in the Georgia Railway Case (Central of 
Georgia Railway Company vs. Railroad Commission of Alabama, 
U. S. Dist. Court, Middle Dist. of Ala., Northern Division, 
Report of Wm. S. Thorington, Special Master, Jan. 8, 1912), 
after stating that the fact that the railroad company is com- 
pelled to pay in addition to its market value a further sum due 
to damages or because it is a railroad company making the 
purchase adds nothing whatever to the actual acreage value, 
says: 

It is, however, proper to add that right-of-way values, 
including estimates for damages to property not taken, or excess 
cost that railroads are compelled to pay in order to acquire 
right-of-way property needed by them for railroad use, have 
been recognized by some courts, and some railroad commissions, 
and such excess cost was held to properly constitute part of the 
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right-of-way valuation for rate purposes. In Shephard vs. 
Northern Pacific Railway Co. et al 1S4 Fed. 765, it is said the 
evidence was conclusive ' that every railroad company is com- 
pelled to pay more than the normal market value of propcrt}^ 
in sales between private parties for the irregular tracts it needs 
and acquires for rights-of-way, yards and station grounds. . . . 
The measure of the value of real estate is its market value for its 
most available use.’ ” 

California Railroad Commission on the Right-of-Way Value, 
— In discussing the valuation of a railroad right of way, the 
California Railroad Commission says (Stockton Terminal and 
Eastern Railroad. Decision No. 618) : 

After ascertaining the market value of the property at the 
time of its acquisition, the department (engineering department) 
also ascertained the market value as of June 30, 1912, and then 
multiplied that value by 1.5. This multiple was applied for the 
reason that the investigations of the department throughout the 
State show that on an average it costs one and one-half times 
the normal market value of abutting property to acquire rights 
of way in country districts by purchase or condemnation for rail- 
road purposes. In the absence of more definite information as 
affecting this particular railroad, this average multiple was used.’^ 

The same commission again refers to and approves the use 
of this multiple in the matter of ascertaining the value of the 
property of the Nevada County Narrow Gauge R. R, Co. 
(Decision No. 1384). 



CHAPTER XI 


THE VALUE OF A WATER-RIGHT AND OF RESERVOIR 
AND WATERSHED LANDS 

Value of Irrigation Water. — When water is used for irrigation, 
it makes the intense cultivation of the soil possible. It aids in 
producing crops which can be marketed at prices not subject 
to regulation except by the law of supply and demand. The 
availability and use of the irrigation water modify the character 
and increase the amount and consequently the value of the 
crop These elements may thus add an increment of value to 
the irrigated land. Under such use the value of the water at 
the field and, by comparison with the cost of development, its 
value at its source can be determined Water and water-rights 
in districts where water is used for irrigation acquire, in con- 
sequence, a recognized market value depending upon the appre- 
ciation of the land that results from irrigation, upon the value 
of the crops harvested and upon the cost of developing and 
making available the irrigation water. 

Payment for Water-Rights. — Ordinarily when water is to 
be taken from a stream for uses which decrease or otherwise 
modify the natural flow of the stream below the point of diver- 
sion, the riparian rights of lower land owners are thereby affected. 
The diversion cannot be made in such cases without making 
compensation to the riparian owners for the damage to their 
property which results from the taking, except, of course, when 
such owners sleep upon their rights, virtually admitting too 
small a damage to make it worth while to attempt to recover 
compensation. 

To the extent of the cost of securing the riparian rights and 
possibly of securing other water-rights whose use is secondary 
or which for any reason should be merged in one holding, there 
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is then — a public utility being under consideration — an invest- 
ment to be assumed in that intangible element, the water-right. 

Sometimes by reason of local development and high values 
of riparian lands and an already established use of the stream 
flow for power, the cost of settling with the riparian owners and 
of quieting title to adverse users of the water may be large. At 
other times the situation is such that equally good rights to use 
water may be secured without any cost except the cost incident 
to the construction of the project and the acquisition of the 
necessary lands and rights of way 

Water-Rights have Value. — The fact that in the first case it 
will have to be conceded that the owner of the public utility is 
entitled to have the cost of the water-right which he holds made 
a part of the rate-base and that at least to the extent of cost 
(reasonable and actual proper cost being assumed), this water- 
right has or should be made to have value, justifies the public 
in concluding that the other water-right which has cost nothing 
should have a similar value, whether the same be made a part 
of the rate-base or not. Water-rights, then, are to be regarded 
as having market value. When the water is developed and is 
actually being put to use or when the need of putting the water 
to beneficial use is proximate, the existence of such value is 
easily recognized. When an investment has been necessary to 
quiet title to adverse rights and to meet other expense of securing 
the water-right, the propriety of including its cost in the rate- 
base is unquestioned. 

Water-right Value in the San Joaquin and Kings River 
Canal Case. — The Supreme Court of the United States in “ San 
Joaquin and Kdngs River Canal and Irrigation Co. vs. The 
County of Stanislaus ” (233 U. S. 458) in reference to the 
fundamental principle of taking the value of water-rights into 
account when rates are to be fixed, says, in its decision reversing 
the decree of the lower court: 

“ By a Statute of March 12, 1885, the boards (of County 
Supervisors) are authorized to fix these rates for their several 
counties, but so that the returns to the parties furnishing the 
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water shall not be less than 6 per cent upon the value of the 
' canals, ditches, flumes, chutes, and all other property actually 
used and useful to the appropriation and furnishing of such 
water.’ The rates, when &ced are binding for one year and 
until established anew or abrogated. . . . The question before 
the court has been narrowed to a single issue. If the plaintiff 
is entitled to 6 per cent upon its tangible property alone, it is 
agreed that the order must stand. But if the plaintiff has 
water- rights that are to be taken into account, the rates fixed 
will fall short of giving it what it is entitled to and must be set 
aside. . . . 

“ It is not disputed that the plaintiff has a right as against 
riparian proprietors to withdraw the water that it distributes 
through its canals. Whether the right was paid for, as the plain- 
tiff says, or not, it has been confirmed by prescription and is 
now beyond attack. It is not disputed either that if the plaintiff 
were the owner of riparian lands to which its water was dis- 
tributed it would have a property in the water that could not 
be taken without compensation. But it is said that as the 
plaintiff appropriates this water to distribution and sale it 
thereby dedicates it to public use under California law and so 
loses its private right in the same. . . . 

It seems unreasonable to suppose that the Constitution 
meant that if a party instead of using the water on his own 
land, as he may, sees fit to distribute it to others, he loses the 
rights that he has bought or lawfully acquired. Recurring to 
the fact that in every instance only a few specified individuals 
get the right to a supply, and that it clearly appears from the 
latest statement of the Supreme Court of California (Palmer vs. 
Railroad Commission, Jan. 20, 1914 (47 Cal. 201)), that the water 
when appropriated is private property, it is unreasonable to 
suppose that the constitutional declaration meant to compel a 
gift from the former owner to the users and that in dealing with 
water ^ appropriated for sale ’ it means that there should be 
nothing to sell. (See San Diego Water Co. vs, San Diego, 
118 Cal. 556, 567; 50 Pac. Rep. 633; 38 L. R. A. 460; 62 Am. St. 
Rep. 261; Fresno Canal and Irrigation Co. vs. Park, 129 Cal. 
437, 443; 62 Pac. Rep. 87; Stanislaus Water Co. vs. Bachman, 
152 Cal. 716; Leavitt 2)5. Lassen Irrigation Co., 157 Cal. 82.)” 

According to this decision the water-right must receive the 
same consideration as other property when rates are to be fixed. 
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But the court does not attempt to settle the question relating 
to how a water- right is to be valued. 

California Railroad Commission on Water-right Values. — 
In the matter of valuing water-rights Commissioner Thelen, in 
writing the decision of the Railroad Commission of California in 
the San Diego case (Decision No. 1465), sounds a note of warn- 
ing, when he says: 

“ This case illustrates clearly the tremendous importance to 
the people of this State of the claim made by certain water com- 
panies and other utilities that the value which adheres to the 
water which they convey to their customers belongs to the 
utility, and that the utility is entitled to capitalize the full value 
of that water, entirely irrespective of its cost to the utility, and 
to collect a charge for water high enough to yield a return on 
such amount as the experts for the utility estimate to be the 
value of the water or of the water-right. I do not deem it 
necessary at this point to discuss the authorities both in the 
State and federal courts bearing on this question, for the reason 
that, according to press despatches this question has now been 
decided by the Supreme Court of the United States in the case 
of San Joaquin and Kings River Canal and Irrigation Co. v$. 
County of Stanislaus. The question of the amount of value to 
be allowed is, of course, a question of fact, the determination of 
which still rests in this Commission. I desire, at this time, to 
draw attention to the grave consequences which may follow if 
the theories of value of water-rights urged by various public 
utilities before this Commission are adopted. If it is true that 
the entire value of the water which a public utility secured by 
appropriation or otherwise belongs to the utility and that the 
public must pay rates on such value, it follows that, where there 
is only one source of water supply for a municipality, the water 
utility has the right to capitalize the entire life of the munici- 
pality. And, in any case, the utility will have the right to take 
for itself the entire increased value of land due to the placing 
thereon of this water, entirely irrespective of the fact that the 
people of this State have given to the utility the right to appro- 
priate the water and that the actual price paid for the water 
may have been absolutely insignificant as against the amount 
claimed by the utility/' 
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The Free Grant of Water-Rights in Western States. — The 
right to appropriate flowing water and to put the same to bene- 
ficial use is given by law, in most of the Western states, to any 
one who will construct proper works for the development of 
the water and for its transmission to places of use. The water 
of the stream belongs to the public. The grant of the right 
to put it to some beneficial use is on a par with a franchise 
to construct a highway or to build a railroad. This right has 
value as a franchise has value when the earnings are sufficient 
to create a value. As in the case of a franchise, so in the case 
of the water-right, the cost thereof becomes a part of the rate- 
base in the event that investment and not value be made the 
starting point. 

Determination of the Water-right Value. — The courts and 
the rate-fixing authorities accepting the view of the public are 
showing a tendency to allow earnings which will give the water- 
right value. But neither the courts, nor public service com- 
missions, nor experts have yet agreed upon any method of 
determining the water-right value. The method of ascertaining 
the water-right value, in the case of water used to supply the 
needs of an urban population, by comparison with the ordinary 
cost of developing water in the same region in like amount, of like 
quality and under similar conditions of delivery has occasionally 
been applied but not with entirely satisfactory results. 

To illustrate, let it be assumed that the average ordinary 
cost of making water for domestic use available for distribution, 
in the region in which a water-right is to be valued, is lo cents 
per looo gallons. This cost is here supposed to include interest 
on the investment and the outlay of whatever nature connected 
with operation. Let it be further assumed that the cost of 
making available the water which is to be valued has been foxmd 
to be 9 cents per looo gallons. It wdll readily be seen that 
under such circumstances a rise of i cent per rooo gallons in the 
average regional cost of water production would have the absurd 
effect of doubling the value of the water-right. Furthermore, 
the water-right of any supply whose cost of development exceeds 
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the average or ordinar}*^ cost would, under strict application of 
this test of value, prove to tje a liability and not an asbct. This, 
too, is an absurdity and condemns the method. 

Neither this method nor a comparison with the cost of devel- 
oping the next most available supply can be used as a dependable 
method for determining water-right \ alues. 

In some sections of the country, as, for example, in portions of 
California, tlie demand for irrigation water has nearh, if not 
quite, reached the limit of supply, fn such regions the depress- 
ing effect upon tlie value of water which results from large 
undeveloped available sources is no longer felt. The earnings 
that result from the u^e of the water have become the measure 
of its value and this value is consequent!}' relatively high. 

The recognised value of water-rights in such sections has an 
effect upon the value of water-rights elsewhere and for uses other 
than irrigation. The value of water used for domestic pur- 
poses, similar general conditions being assumed, should not be 
less than that of \vater used for irrigation, and, if for this pur- 
pose it has a high value in one part of the state, — the question 
is asked, why not in another? Such considerations as these are 
not without effect upon the market value of water-rights. 

The fact should not be overlooked that the inclusion of a 
water-right value in the rate-base of a public service property, 
to the extent that tliis value exceeds cost, would be in the nature 
of an allowance to be regarded as part compensation for having 
undertaken the water development, and this compensation 
increment might reasonably be brought into some definite re- 
lation to the general cost of developing water in any region* 

Water-right Values in Relation to Cost of Works. — It has 
above been stated that the allowance of a fair reward for the 
successful development and beneficial use of water is legitimate. 
The making of a reasonable allowance, preferably based upon 
some definite percentage allowance on the ordinat}" regional 
cost of developing water or of developing hydro-electric power 
as the case may be, should be encouraged. If this principle 
were generally recognized, it would result in fixing with some 
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definiteness the value of water at its source and would remove 
much of the uncertainty that now obtains in relation to the 
value of water-rights. If thus determined, the value of the 
water-right will not be subject to unreasonable fluctuation nor 
to too wide a range. Where the average regional cost of 
development, including everything necessary to make water 
available for distribution, is lo cents per looo gallons and the 
allowance for water-rights is to be about lo per cent of this 
amount, or i cent per looo gallons, a change of i per cent in the 
cost of water development would only modify the value of the 
water at the source by o oi cent per looo gallons. A lo per cent 
increase or decrease in the regional cost of development would 
be necessary to affect this value by o.i cent. In other words, 
when, in a certain region, an amount has been agreed upon and 
generally accepted as a proper allowance to be made for the value 
of developed water, or rather, when such value is to be created 
by a suitable allowance of earnings, this value will be fairly 
stable and will thereafter pass as the market value whether or 
not the cost of development is below or above the average. 

Strategic Value of Water-Rights. — In addition to the basic 
value at its source, a water supply may have additional value, 
due to an inherent advantage of quality and location and other 
circumstances that determine its development cost in comparison 
with the development cost of competing supplies. Such value 
is properly termed strategic value.” 

To illustrate, a riparian ownership which controls a water- 
power may be cited. The case may readily be conceived of a 
water-power, limited in amount, but completely controlled by 
the riparian owner. When such a source of power is to be 
valued in a region where the market for power is good, where, 
for example, the water-power will be delivered to a market in 
which it displaces a like amount of power generated by steam, 
the cost of the latter in comparison with the cost of the former 
affords a legitimate means of determining value, or, better 
stated, an upper limit of value. The valuation becomes a 
simple matter when, under such circumstances, the power is 
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already fully developed and is in use or is being supplied to a 
market which takes it all. But when the power is undevel- 
oped, some consideration must be given to the uncertainty of 
achieving the expected results and due allowance must be made 
for the time that will have to elapse before a return from the 
sale of power can be realized. 

There will, of course, be cases in which an analysis of the cost 
of generating and delivering power will show the advantage to 
be with the power developed by steam. In such cases the 
hydro-electric enterprise may nevertheless be a legitimate one. 
It may have been initiated when the price of fuel for generating 
steam was such that the advantage of cost was temporarily with 
the water-power; or the margin in favor of the steam-power may 
be so small that the recognized advantage and economic value 
to society in conserving the energy which amiually reappears 
in the water of the stream outweighs any financial disadvantage 
that may appear from a comparison with steam as a source of 
power, and justifies earnings that might not under other cir- 
cumstances be considered reasonable. 

Furthermore, if the market for the output of a hydro-electric 
installation has been established, there is no certainty that the 
market of a competing plant, at a different cost and sale price 
of power, would be the same. This is a circumstance which 
should be duly weighed in making the comparison. 

In any event, the owner of such utility should be recognized 
as engaged in a meritorious enterprise, deserving not only ade- 
quate protection, but also such reward for having developed 
the water-power and having made an investment for the benefit 
of the public as the circumstances may justify. Under this 
view, even when the water-right which makes the development 
of power possible would appear to be without market value at 
current fuel prices, it will be reasonable to allow to the owner, 
not alone a rate-base increment equal to the cost of securing 
the water-right, if there has been any such cost, but also, if this 
cost has been legitimate and reasonable, some excess allowance 
in the earnings, perhaps proportional to the amount of power 
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developed rather than to the actual investment in works for 
developing and marketing this power. But this can only be 
done within limits or so long as the rates for the service remain 
reasonable. When it would require excessive rates, the owner 
must suffer the penalty of having made an untimely if not an 
unwise investment. 

Illustration of Strategic Value. — As an illustration of special 
water-right value the case of a water supply for general and 
domestic use which affords water of prime quality in limited 
amount may be taken, but which, when compared with other 
sources in use in the same community, has the advantage of 
proximity, elevation and reliability of service. 

Let it be assumed, for example, that such a supply was the 
first to come into use, that its water was distributed as required 
throughout the built-up section of a growing town, but that at 
length a time came when additional water had to be brought in 
by a second system from some remote source, and that at the 
time of the valuation the distributing pipes of each of the two 
systems cover practically the entire built-up territory. The 
original water- works may now be supplying only a small fraction 
of the aggregate amount of water being used. Undoubtedly 
under such circumstances, the charge for water by the two con- 
cerns would be the same or very nearly the same. The water 
from the newer works could not be supplied at a low enough rate 
to drive the earlier concern out of business. Without any 
reduction of rates, this original utility should hold its customers. 
There need be no falling off in the amount of water which it 
supplies, assumed to be the limit of its capacity. But, if, as 
assumed, the rates charged by the two concerns are the same, 
the relative amount of net earnings will be greater for the 
original than for the new water-works. If it costs the original 
concern 17.5 cents per thousand gallons to develop and market 
its water crop (interest on the investment included) and it is 
costing the new concern 20 cents to do the same, and if this 
larger cost has been taken into account in fixing the water rates, 
then the water-right and other intangible elements of value of 
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the original concern may reasonably be valued at ($200— $175) 
$25 per day per million gallons of daily delivery more than the 
water-right and other intangible elements of value of the new 
concern. This is interest on about $150,000, if 6 per cent per 
annum be made the basis of the calculation. 

If, in other words, rates are allowed which in the case of the 
new or main water-works system will create a water-right value 
of $50,000 per million gallons of daily delivery for the new water- 
works, then the value of the water-rights controlled by the orig- 
inal system may be about $200,000 per million gallons per day. 

In the case of a water-power, too, there may be a pronounced 
and easily recognized strategic value. The usual distinction is 
to be made, however, between the power development with an 
established market and that in which the power output is not 
yet in full demand. 

When there is no question about the market for the power, 
the problem will have to be solved on the basis of a comparison 
of the cost of utilizing the water-power as compared with power 
from other sources and this comparison may show more or less 
strategic value. Where there is no such strategic value, the 
water-right should be considered as a privilege similar to a 
franchise and should be treated accordingly. 

It must be remembered in this connection, however, and in 
any analysis of this character, that the advantage that one con- 
cern may have over another fn the amount that net earnings 
exceed interest on the investment, is to be applied to all ele- 
ments of value in excess of the capital actually invested and 
can not always be assigned to water-rights alone. 

The Time Element in Valuing Water-Rights. — The water- 
right as thus far discussed is the right to put water to a continuing 
beneficial use without limit as to the time during which such 
right may be exercised. There will be cases of reversion of the 
right within a fixed time to the pubHc which has made the grant 
thereof and there will be other cases in which a superior supply 
of water, later to be developed, may at some time throw the 
original source out of use altogether or leave it available for 
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only inferior uses. Where a water-right thus limited in life is to 
be valued, the question not only arises as to its strategic value, but 
cognizance must be taken of the fact that the life of the right 
is limited and that it will not be a source of revenue for all time. 

The value of any water-right, in excess of cost, like the value 
of a franchise, results from earnings in excess of a fair interest 
on the investment. This value is, therefore, directly dependent 
upon the rates established by the rate-fixing bodies or, in the 
case of the restricted franchise, upon the rates allowed to be 
charged under such franchise. Large power is in the hands of 
the rate-fixing authorities to make or to destroy the value of 
water at its source and until a definite policy has been adopted 
by such authorities, there will continue to be more or less un- 
certainty relating to such value. The real value of property 
of this character will, for the present, remain somewhat specu- 
lative, particularly in cases where the development of the water 
or of a water-power lies in an uncertain future. This can hardly 
be otherwise because it is not yet certain that the* tendency of 
today to allow something for the water-right, practically as com- 
pensation for making the development, will be adhered to. 
When it is fully understood that such an allowance will be 
made and when a definite limit is set to the amount of such an 
allowance, the valuation experts will be relieved of much em- 
barrassment. 

In the case of the established utility much of the difificulty 
ordinarily encountered when water-rights or franchises are to 
be valued as a basis for fixing rates will fall away if the method of 
procedure which the author recommends be followed and the 
invested capital and not present value be made the rate-base. 

Views of the Wisconsin Railroad Commission on Water- 
power Value. — The attitude of the Wisconsin Railroad Com- 
mission toward the determination of the value of a water-power 
by a comparison with the cost of steam power appears in the 
following quotation from the Commission’s decision in the case 
of the City of Beloit vs. Beloit Water Gas and Electric Co. 
(Wis. R. C. R., Vol. 7, p. 247). 
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“ It seems clear from the expression of opinions thus made 
and from the general practice of engineers and other men in 
valuing water powers that the saving effected by the use of the 
water power over steam power, especially, measures the values 
of the water power. Other methods of appraisal are used and 
have been mentioned by the witnesses in these proceedings, 
namely, rental value and market value. These latter methods, 
however, are quite often open to objections which destroy 
their reliability and it appears that it is almost always neces- 
sary to fall back upon the method of calculating the saving 
over steam power and then by capitalizing this saving, arrive at 
the total value of the water power. The Commission has com- 
mented upon this and other methods of determining the value 
of water power in earher decisions: 

“ ' From a purely commercial point of view this metliod of 
estimating the value of water-power rights may, in the main, be 
sound. But it is not so clear that this can be said for it when 
the question is regarded from the point of view of public policy. 
... it appears to deprive a locality of the natural advantages 
it might otherwise derive from being located near such water 
powers. If water-rights are private property under the law, 
then all the benefits which accrue from these rights would 
probably go to their private owners. If, on the other hand, 
water-power rights are public rights rather than private rights, 
then it would also seem that the public ought to share in any 
benefits that may be derived therefrom.’ Ross et al vs. Burk- 
hardt Milling and Electric Power Co. (Wis/R. C. R., VoL 5, 
p- m, 147)-” 

On the subject of water-power value the Commission says 
further in the case of City of Rhinelander vs. Rhinelander 
Lighting Co. (Wis. R. C. R., Vol. 9, p. 424): 

While calculations of the saving produced by the use of 
water-power instead of steam-power are of much importance in 
private and public undertakings in showing the financial feasi- 
bility of hydraulic construction, the title of the owners in utility 
business to the entire savings so produced has not been clearly 
demonstrated. Indeed, the respondent’s claims seem to go so 
far as to preclude the public from any share in economical 
methods of service and seem to place upon users of utility 
service the burden of maximum costs of operation.” 
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Valuation of Reservoir Sites in Relation to Water-right 
Value. — Passing now to the consideration of the value of reser- 
voir sites it may be broadly stated that, in some measure, any 
value thus or otherwise ascertained as appertaining to water- 
rights may serve as an aid in determining the value of water- 
shed and reservoir lands or of other lands whose use is neces- 
sary to make the development of the water possible. 

The value of such lands should not, however, be measured 
by the necessity of the community which needs the water. 
Their value is not what the community can afford to pay for 
them; but they have at least the value which would be deter- 
mined by the market for similar lands devoted to other uses. 
They also have an additional value due to special adaptability 
for use in developing a water supply. 

It is owing to the desirability of bringing this excess value 
of reservoir lands into some relation to the value of the water 
whose development their ownership makes possible that it may 
sometimes be found desirable to make the value of the water- 
right a measure of the excess of value (sometimes perhaps only 
of the upper limit of the excess) of an assembled reservoir prop- 
erty over the value of the land for other purposes. While this 
is not an established practice, it is one which appears to have 
some merit. It is to be understood that the excess of the value 
of reservoir lands over similar lands not available for reservoir 
use as here considered is apart from and in addition to the value 
of the water-right. 

Where the water development requires only a few acres of 
ground, as in the case of artesian supphes, particularly if the 
land remains available for other uses, or when the topographic 
situation is unusually favorable, a small fraction of the value 
of the water-right might prove to be* an adequate allowance for 
special adaptability. 

Value Multiple Applied to Reservoir Lands. — In such special 
cases some use might be made of a value multiple such as has 
become customary when rights of way are to be secured for 
railroads and canals which are acquired usually at some increase 



THE VALUE OF WATER-RIGHTS 


221 


over ordinary values, over the value of grazing and farm 
lands crossed by the railroads and canals. In the case of rail- 
roads the excess is generally 50 per cent to 200 per cent. This 
would probably also be a fair assumption in the case of canal 
rights of way. In the case of reservoirs the value of the reser- 
voir site as compared with that of other land of similar location 
and quality may go to much higher limits, but not enough data 
are at hand to justify an attempt to give reliable averages. 
Where the site is large and the use one that may not prove highly 
remunerative, due to remoteness of location, high cost of con- 
struction, scant rainfall on the watershed or other modifying 
causes, such as the availability of alternative reservoir sites, 
a bare allowance to the owner for forced abandonment of his 
holdings may represent the limit of what any prudent purchaser 
would pay. In other cases a multiple of 5 or even more may not 
be unreasonable. 

When there is also a strategic value due to relatively large 
earnings that will result, perhaps, from rates that have been or 
that must be so fixed that they will yield a fair return on some 
other less favorably situated property, then there will be an 
excess of value determinable from the large present or pro- 
spective earnings, and a part of this excess would naturally be 
allotted to the person who owns the reservoir site, the rest 
thereof going to the party who actually makes the water de- 
velopment. 

Certain Increments of Reservoir Land Value. — It is gener- 
ally recognized that the problem of valuing reservoir lands is 
one of the most difficult that can be presented to the engineer. 
None of the facts relating to the availability of a reservoir site 
taken by itself determines its market value. But every such 
fact must have some effect upon the minds of an intelligent 
public and therefore influences the market value. 

Tracts separately owned which must all be combined under 
one ownership to be available for use as a reservoir will have 
less value in separate ownership than after being assembled in 
one holding. The value of reservoir lands will be less if there 
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are other similar reservoir properties available for alternative 
use. The time when the utilization of the property is a neces- 
sity, if this time can be definitely or even approximately fixed, 
will affect its market value. The value will be higher after 
actual construction has demonstrated that a reservoir will hold 
water than before. If there have been any judicial determina- 
tions of the market value or of the value for rate-fixing purposes 
of the property to be valued or of similarly situated or otherwise 
comparable property or if valuations thereof have been made 
by authorities charged with the regulation of rates or by other 
public authorities, all such determinations will have an effect 
upon the market and would be given consideration by a prudent 
purchaser. They are also, therefore, proper elements for con- 
sideration by an appraiser. The cost of the lands in a site 
already acquired is a factor that should be given due weight 
with proper allowance for the circumstances attending the pur- 
chases. Appreciation or depreciation that may have taken 
place subsequent to such purchase may also have to be given 
consideration. 

The value of a parcel of land which is required in connection 
with others to make a reservoir site available is, as above stated, 
worth less by itself than it will be when united with other tracts 
into the one holding which makes the development possible. 
While the individual tract is reservoir land and due to this fact 
may have acquired a market value in excess of the value which 
it would have if not located in a reservoir site, this excess value 
would be estimated by a prudent purchaser at less than the 
excess value which it acquires when brought into the same 
ownersliip as all the rest of the lands which make the storage 
of water possible. At how much less it should be valued can- 
not be stated with any degree of confidence for general guid- 
ance. And yet it may tentatively be suggested that the party 
who assembles the property should get the benefit of at least 
one half and, in many cases, much more than this proportion 
of the excess of its value, in the constructed reservoir, over its 
value for ordinary uses. 
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Effect of Various Factors on Reservoir Value. — Too much 
weight is sometimes attached to the influence of the cost of 
developing a water supply upon the market value of the land 
which is to be acquired to make the water development possible. 
Whether this cost be great or small, the custom prevails of 
allowing the owner of the water-works to recover, in the earn- 
ings, the cost of operation including replacement requirements 
and interest on the cost of structures. Whenever, therefore, the 
necessity of using the land is unquestioned, the cost of develop- 
ing the water should have but little effect on the market value of 
the reservoir land. The amount of the water made marketable 
is, on the other hand, a circumstance which will have greater 
or less effect on this value, dependmg upon the value which 
will be allowed in the rate-base for the developed water-right. 
There are cases, too, in which the nearness of a storage site to 
the place of use may give it special value, due to the fact that 
it adds to the reliability of the service and, finally, there will 
be cases in which the property to be used for water storage or 
already in use as a reservoir has acquired greater value for 
residential or other purposes than, by any fair line of reasoning, 
could be determined for its use in developing or storing water. 
When this is the case, the market value of the reservoir land 
(always to be distinguished from the amount at which it is 
included in the rate-base) is determined by the other uses to 
which it might be put. If such a reservoir is a necessity and 
no other equivalent structure can be substituted for it, the 
appraisal of market value would be fixed by these other uses. 
If on the other hand it is possible to substitute for the reservoir 
some other structure located elsewhere, and costing less though 
of equivalent service value, then in the case of the constructed 
reservoir the time will have come when its use should be dis- 
continued or in the case of the reservoir site, not yet in use, 
the project plans should be so modified as to eliminate the 
reservoir. 

It may be well to repeat that when dealing with water not 
yet developed, proper allowance must be made in all appraisals 
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of water-right and of reservoir and watershed values for the 
probable lapse of time before the water will actually be in use. 

Watershed Land Value. — When storage reservoirs for water 
for domestic use are involved and the value of the watershed 
lands is to be determined, it would be legitimate to give consid- 
eration to the modification of the cost of operation which might 
result from the ownership of these lands. When such ownership 
would result in safeguarding the quality of water so that filtra- 
tion and other treatment to make the water attractive and 
wholesome would become unnecessary, the limiting value of 
such ownership can be measured by the added cost that would 
be incurred for a purification of the supply if the water were 
in danger of pollution due to the use of lands in the watershed 
for human habitation or for other purposes that would detract 
from the wholesomeness of the runoff waters. Consideration 
would certainly be given by a prudent purchaser who is weigh- 
ing the desirability of acquiring watershed lands to this matter 
and, therefore, this is properly an element to be considered in 
determining the value of watershed lands whether already in 
use or required for early use. 

In this connection consideration would be given: first, to the 
degree of protection which will result from such ownership, 
because, after all, the ownership may not be an absolute insur- 
ance against the necessity of some treatment, such as filtration, 
sooner or later; second, to the sentimental value attaching to 
any drinking water not subject to the danger of pollution in 
comparison with a water known to have been polluted but made 
wholesome by suitable treatment; third, to the time in the 
future when the expenditures for filtration and other treatment 
will begin; fourth, also to any protection which the ownership 
of the watershed would give against an adverse use of the waters 
originating therein, and against their diversion from the water- 
shed and, finally, to any other benefits that might result from 
such ownership, such as uses not incompatible with the devel- 
opment of the water supply. 

Frequently, of course, “ the value of watershed lands, owing to 
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their use for farming purposes and owing to the inclusion of 
densely populated areas, is so high that their ownership for the 
protection of the quality of the runoff waters is entirely out of 
the question and they do not then come under consideration in 
the determination of the value of the opportunity to make a 
water supply available. 

Notes relating to Some Water-right Values in California. — 
The following relating to the cost and value of certain water- 
rights in California is from the testimony of engineers who 
appeared before the Master in Chancery in the proceeding 
entitled Spring Valley Water Company vs. The City and 
County of San Francisco ’’ which was on trial from July, 1915, 
to May, 1916. 

Mr. G. G. Anderson in his testimony referred to the value of 
water-rights in southern portions of California as determined 
from the value of the shares of stock in the various mutual 
irrigation water companies, and he says “ care was exercised in 
the analysis of individual cases to limit the values of these 
water-rights to terms of the right to divert and use only, exclud- 
ing all interest in attached lands or ditch systems or any assets 
other than actual rights of diversion and use.” He cites: 

Per million 
gals, per day 


Duarte Mutual Co. near San Gabriel $154,80x3 

Covina Co. near San Gabriel ii7>957 

Del Monte Co. near Pomona . 98,220 

Canyon Water Co. near Pomona 104,490 

San Antonio Co near Ontario 144,738 

Bear Valley Co. near Redlands. 90,248 

Mill Creek Co. near Redlands 92,880 

Gage Canal Co near Riverside 77,400 

Temescal Co. near Corona . . . . . 96,750 


The foregoing values Mr. Anderson states attach to the 
service for the particular purpose (irrigation) which entails 
delivery of water during the irrigation season or ordinarily 240 
days per annum, rarely does the season extend to 270 days, 
and the service during the limited period does not, in all cases, 
yield full efficiency on the water-right.” 
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For the irrigation plants in the Santa Clara Valley Mr. Ander- 
son develops values ranging from $31,442 to $67,724 per million 
gallons of daily supply from gravity systems, over periods up 
to a maximum of 115 days per annum; and $167,709 to $242,786 
for pumping systems. 

He also finds that the original cost to the Spring Valley 
Water Company of acquiring water-rights on both sides of San 
Francisco bay (about 1865 to 1913) averaged nearly $38,000 
per million gallons per day, of water delivered to the inhabitants 
of San Francisco on the date of valuation, Dec. 31, 1913. By a 
different analysis and with some allowance for uncertainties Mr. 
Chas. H. Lee testifying in the same case finds this cost to have 
been about $48,000 per million gallons per day. 

Mr. F. C. Herrmann calls attention to the purchase by the 
Pacific Gas and Electric Company from the Livermore Water 
and Power Company of rights to about one million gallons of 
water per day at about $100,000 in 1913. The water-rights 
involved in this transaction are for the Mocho and Positas 
Creeks near Livermore, Cal. 

He also refers to a number of sales of springs and wells with 
small yield and to the following sales in southern portions of 
California: 

In condemnation proceedings by the City of Sierra Madre the 
value of water for domestic use was placed by the court 
at $270,760 per million gallons per day. 

Near Alhambra, in 1892, Richard Garvey bought from De 
Barth Shorb about 390,000 gallons of water per day at 
$64,595 million gallons per day. 

At Montecito, Mr. Knapp bought 12,900 gallons of water per 
day a one-third right in the Warm Springs timnel, at 
$386,000 per million gallons per day. 

The value of water fixed by the California Railroad Commis- 
sion in the Glendale case, in addition to the allowance 
for structures was $154,720 per million gallons per day. 

While each specific instance of a sale of water-rights, as cited 
by Mr. Herrmann, should be considered in the light of all cir- 
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cumstances attending each such sale and of the specific needs of 
the purchaser in each case, these sales, nevertheless, have some 
effect upon the market value of water-rights showing as they do 
what a purchaser may, under certain circumstances, be willing 
to pay for water. 

Both Mr Herrmann and Mr. Anderson were witnesses for 
the plaintiff in the Spring Valley case. Mr. Chas. H. Lee 
appearing for the defendant, that is for San Francisco, added 
the following estimates of net water-right values: 

I. Culture exclusively citrus (Southern Cal.): 

Per million 
gals per clay 


Lugonia Water Co near Redlands . $154,000 

San Antonio Water Co near Ontario .... . . 142,800 

Del Monte Irng Co. near Pomona . . . 90,900 

Temescal Water Co near Corona . . . 69,600 

Gage Canal Co. near Riverside . 73.500 

Redlands Water Co near Redlands 52,400 

San Dimas Irng Co. near San Dimas 51,500 

2. Citrus and diversified crop (Southern Cal); 

Per million 
gals per day 

Santa Ana Irrig Co. near Redlands . . . $43,500 

Alta Alutual Water Co near Riverside ... . .... 42,500 

Thermal Belt Water Co. in Santa Clara River Valley . ... 42,500 

Riverside Water Co. at Riverside , 14,700 

Los Nietos Ditch Co. near Whittier. ... . i3?2oo 

South Side Improvement Co. in Santa Clara River Valley. . . 2,860 


3. Diversified crops, no citrus (Southern Cal.) ; 

Per million 
gals per clay 


Banning Water Co. near Baiming ... $37,400 

Moneta Water Co. near Redondo ... 23,200 

McKenzie Ditch Co. near San Bernardino 13,200 

Stout Ditch Co near Redlands ... . . ..... 12,100 

Puente Water Co. near Puente 2,400 

Arroyo Ditch Co. near Downey 2,300 

Little Lake Irrig Co. near Norwalk 1,000 


For more northerly portions of the State of California where 
water is more abundant and where the demand does not yet 
approach the limit of possible development, Mr. Lee lists the 
following; 
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Culture exclusively citrus: 

Per million 
gals, per day 

Lemon Cove Ditch Co. on Kaweah River $25,400 

Rosedale Water Co. on Tule River 23,200 

Citrus and diversified crops: 

Per million 
gals per day 

South Tule Independent Ditch on Tule River 

Diversified crops, no citrus: 

Per million 
gals per day 

Bishop Creek Ditch in Owens Valley . 3, 100 

Clark Colony Water Co. in Owens Valley 3 jIoo 

McNally Ditch Co in Owens Valley ... . . . 3,100 

Owens River Canal Co. m Owens Valley . . . 3?ioo 

Roberts Ditch Co. near Colusa . . . 1,160 

Watson Ditch Co. near Visalia . . 2,560 

Evans Ditch Co. near Visalia 2,012*. 

Murphy Slough Assoc, on lower Kings River 1,940 

Rawson Ditch in Owens Valley . . . . 1,940 

Consolidated Peoples Ditch on lower Kings River . ... 870 

Oakes Ditch Co. near Visalia 580 

Poplar Ditch Co on Tule River . . . 217 


Mr. Lee cites also a few canal companies for whose water- 
rights no value is demonstrable from the market value of stock 
in the canal company. These were omitted from the above 
enumeration. 

The above figures are not presented to show the value of 
water in regions where society already demands full utilization, 
but rather to show that with the demand for a higher use of 
water which must come as the pioneer region gradually changes 
to a densely populated territory, the value of the water-right in 
any such country as that under consideration, where nature has 
set a limit to the available supply, must go up. 



CHAPTER XII 
THE ACCOUNTING SYSTEM 

Ptirpose of the Accounts. — It is not proposed to take up the 
matter of accounting in connection with public utility enter- 
prises any further than to indicate its purpose and to refer 
briefly to certain instructions in relation thereto which have 
been issued by public service commissions. 

The accounts should show clearly and in sufficient detail the 
facts relating to the investment, to operating expenses and to 
income. The natural division is therefore into two groups, the 
one relating to the investment, the other to income and operat- 
ing expenses. 

The accounts relating to investment are designed to show the 
investment in the property which is devoted to public use. 
These accounts should be kept in such form that the additions 
and betterments from year to year will be clearly apparent. 
They will include not alone the actual cost of all physical prop- 
erties but also any amount paid for franchises or for water- 
rights and rights of way. 

The income accounts are those which are designed to show, 
for each year, the amount of money earned for services rendered 
or for commodity delivered and the cost of rendering the service 
or furnishing the commodity. They will include the returns 
from outside investments and other sources on the one hand 
and on the other every expenditure necessary to render the ser- 
vice or to supply the commodity including taxes, insurance, 
rents and the like. The net balance of the operating and in- 
come accounts is profit or loss. 

Construction Account, Interstate Commerce Commission. — 
In the general instructions of the Interstate Commerce Commis- 
sion relating to the accounting system of railroads, construction 
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is defined as including all processes connected with the acquisi- 
tion of the original road and equipment, road extensions, addi- 
tions and betterments. The following is from these instructions: 

Costs shall be actual money costs to the carrier. When a 
portion of the funds expended by the carrier has been obtained 
through donations by the states, municipalities, individuals or 
others, no deduction on account of such donations shall be made 
in stating the costs. Contributions for joint expenditures should 
not be considered as donations. The carrier’s proportion only 
of the cost of joint projects, such as construction of jointly 
owned tracks and elimination of highway crossings at joint 
expense, shall be included in these 'accounts. 

The charges to the accounts of this classification shall be 
based upon the cost of the property acquired. When the con- 
sideration given for the purchase or the improvement of property 
the cost of which is chargeable to the accounts of this classifica- 
tion is other than money, the money value of the consideration 
at the time of the transaction shall be charged to these accounts, 
and the actual consideration shall be described in the record in 
sufi&cient detail to identify it. The carrier shall be prepared to 
furnish the Commission, upon demand, the particulars of its 
determination of the actual cash value of the consideration, if 
other than money. 

“ It is intended that the accounts for fixed improvements and 
equipment shall include the cost of construction of such prop- 
erty. The cost of construction shall include the cost of labor, 
materials and supplies, work-train service, special machine ser- 
vice, transportation contract work, protection from casualties, 
inquiries and damages, privileges, and other analogous elements 
in connection with such work.” 

Treatment of Depreciation and Replacement, Interstate Com- 
merce Commission. — The attitude of the Interstate Commerce 
Commission with reference to the depreciation and replacement 
of property appears from the following instructions: 

When a unit of property other than land or equipment — 
such as a section of road, side or yard track, shop or power 
plant machine, building, or other structure — is retired from 
service and replaced with property of like purpose, the ledger 
value of the retired property shall be credited to the appropriate 
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accounts of this classification at the time that the property is 
retired from service. The amount of this credit shall be charged 
concurrently as follows: 

“ An amount equal to the credit balance in the accrued depre- 
ciation balance-sheet account with respect to the property thus 
retired shall be charged to that account and the remainder 
(less salvage and insurance recovered, if any) , together with the 
cost of demolishing the property, if demolished by or for the 
carrier, shall be charged to the accounts in Operating Expenses 
appropriate for the cost of repairs of the property before retire- 
ment. The accounting for the salvage shall be in accordance 
with the disposition made of the material recovered. 

“ If, however, the property retired and replaced with property 
of like purpose is of minor importance , such as a small roadway 
building or other small structure, and is replaced in kind with- 
out betterment, the cost of the replacement shall be charged to 
operating expense accounts, and no adjustment made in the road 
and equipment accounts. 

If so authorized by the Interstate Commerce Commission, 
the carrier may charge to Profit and Loss any extraordinarily 
large item representing the cost of property retired and replaced, 
instead of charging such item to Operating Expenses. The 
carrier shall file with the Commission a statement of the cost 
and a description of the property retired and the reasons which, 
in its judgment, indicate the propriety of charging the cost of 
such property to Profit and Loss. 

The provisions of this section are applicable in accounting 
(at the time of retirement) for the cost of property abandoned, 
even though the new property has been actually installed pre- 
viously to the date of the demolishment of the abandoned prop- 
erty. 

“ When the renewals to be made to an important building or 
other structure will constitute the major portion of its value 
when renewed, the property, when taken out of service, shall 
be considered as retired and accounted for as provided above, and 
for the purposes of this classification the renewed property shall 
be considered as an addition, and the appraised cost thereof 
shall be included in the accounts of this classification, considera- 
tion being given to the second-hand portions remaining therein. 
In no case shall the charge for the renewed property exceed the 
cost (at current market prices of labor and material) of new 
property of equal capacity and equal expectation of life in serv- 
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ice, less a suitable allowance on account of the second-hand 
parts remaining therein. 

When a unit of property other than land or equipment — 
such as a section of road, side or yard track, shop or power plant 
machine, building, or other structure — is retired from service 
and not replaced, the ledger value shall be credited to the 
appropriate property accounts at the time that the property is 
retired from service. The amount of this credit shall be con- 
currently charged as follows: 

An amount equal to the credit balance in the accrued depre- 
ciation balance-sheet account with respect to the property thus 
retired shall be charged to that account, and the remainder 
(less salvage and insurance recovered, if any), together with the 
cost of demolishing the property if demolished by or for the 
account of the carrier, shall be charged to the appropriate profit 
and loss account. The accounting for the salvage shall be in 
accordance with the disposition made of the material recovered.’’ 

Retirement of Land, Interstate Commerce Commission. — 
In the matter of land retired from use the Commission says: 

When any land, the cost of which is included in the accounts 
of this classification, is retired, the ledger value shall be credited 
to account ^ Land for transportation purposes.’ If the land is 
retained by the carrier, its estimated value shall be charged to 
balance-sheet account ^ Miscellaneous physical property,’ the 
necessary adjustment of the difference between the ledger value 
and the estimated value on account of the loss in the property 
due to its retirement from transportation service shall be made 
through Profit and Loss. If sold, the difference between the 
ledger value . . . and the amount received for the land shall be 
adjusted in Profit and Loss.” 

Engineering Account, Interstate Commerce Commission. — 
Relating to engineering on the construction of a railroad, the 
Commission says: 

“ This account shall include the pay and expenses of engineers, 
assistants, and clerks engaged in the survey and construction of 
new lines and extensions, or in making additions to and better- 
ments of the carrier’s road, including wharves and docks. 

When employees . . . are engaged in the maintenance of 
the road, their pay and expenses while thus employed shall be 
charged to Operating Expenses. 
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“ Expenditures for tentative or preliminary surveys shall be 
carried in a suspense account until it is determined whether or 
not to continue the work. If the project is continued, expendi- 
tures for all surveys in connection therewith shall then be trans- 
ferred to this account, and, if abandoned, to Operating Expenses, 
Income, or Profit and Loss, as may be appropriate 

Interest during Construction, Interstate Commerce Commis- 
sion. — The Interstate Commerce Commission in the instruc- 
tions relating to “ interest during construction ” says: 

Wlien any bonds, notes, or other evidences of indebtedness 
are sold, or any interest-bearing debt is incurred for acquisition 
and construction of original road and equipment, extensions, 
additions, and betterments, the interest, accruing on the part of 
the debt representing the cost of property chargeable to road and 
equipment accounts (less interest, if any, allowed by depositaries 
on unexpended balances) after such funds become available for 
use and before the receipt or the completion or coming into serv- 
ice of the property so acquired shall be charged to this account. 

“ When such securities are sold at a premium the proportion 
of such premium assignable to the time between the date of the 
actual issuance of the securities and the time when the property 
acquired or the improvement made becomes available for serv- 
ice shall be credited to this account. 

This account shall also include such proportion of the dis- 
count and expense on funded debt issued for the acquisition of 
original road, original equipment, road extensions, additions, and 
betterments, as is equitably assignable to the period between the 
date of the actual issuance of securities and the time when the 
property acquired or the improvement made becomes available 
for the service for which it is intended. The proportion of dis- 
count and expense thus chargeable shall be determined by the 
ratio between the period prior to the completion or coming into 
service of the facilities or improvements acquired and the period 
of the entire life of the securities issued. 

“ This account shall also include reasonable charges for in- 
terest, during the construction period before the property be- 
comes available for service, on the carrier's own funds expended 
for construction purposes.” 

Application of Accounting Principles to the Unlimited Life 
Method. — Under the Unlimited Life Method of procedure, 



234 VALUATION, DEPRECIATION AND THE RATE-BASE 

which is a new suggestion and which is not contemplated in the 
foregoing instructions, but which is the one that should find 
preference for all complex public utility properties made up of a 
large number of individual items, there will be no depreciation 
to write off. It will be unnecessary to estimate accrued depre- 
ciation except when the transfer of the property is involved or a 
valuation is to be applied to individual articles. The current 
replacement requirement, however, will have to be estimated; 
but the estimate need be only approximate. The replacement 
fund will not be available for the retirement of capital. Neither 
will it be available for betterments or additions to the property. 
If it grows too rapidly, if the accumulation in it becomes un- 
necessarily large, the current replacement requirement may have 
been over-estimated; if it is depleted there may have been 
an underestimate of the replacement requirement. Excessive 
accumulation in the replacement fund should be checked by 
reducing the amount annually set apart for the fund. In the 
accounting system, the cost of each article as it goes out of use 
is written off the books and each article which replaces a 
discarded article is entered as a renewal and is treated practi- 
cally as though it were new construction. Its cost is offset by 
the amount written off for the discarded article and the replace- 
ment fund is depleted by this cost. The capital investment 
account remains unaffected unless the cost of the new article is 
greater or less than that of the discarded article. The excess 
cost, if any, should not come out of the replacement fund but 
from new capital. The deficiency, if any, represents a reduc- 
tion of the invested capital. 

The accounting system under the Unlimited Life Method of 
procedure, as will be seen from the above statements, is much 
simpler than that for procedures which take cognizance of the 
accrued depreciation and of the constantly changing present 
value of the physical elements. 

The replacement account, if the Unlimited Life Method be 
adopted, will be credited with all expenditures that are made 
for the renewal of items which can be conveniently individualized 
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and which serve or are expected to serve for a number of years, 
and it will be charged with the amount annually set apart out 
of earnings for replacements. This account should be kept 
separate from repair accounts although there is no fundamental 
difference between the replacement of a broken spoke in a wheel 
and the replacement of a discarded generator. It is funda- 
mentally immaterial whether the replacement relates to single 
lengths of pipe, to broken window panes and the like or whether 
they are large as in the case of the dismantled steamboat. The 
only difference lies in the classification of the accounts. In 
either event funds for the replacement must be made available 
at the proper time. It is in the making of suitable pro\dsion 
for the replacement of the individualized items that expert 
advice should be sought in order that a proper distinction may 
be made between the apparent and the real profits of the busi- 
ness. Without a proper analysis, an apparent profit has, too 
frequently, been found to be in fact a loss. 

Application of Accounting Principles to Other Methods. — 
Under any method of procedure, other than the Unlimited Life 
Method, the difficulty is presented of dealing with articles 
which do not serve throughout their full probable life terms 
and with articles which remain in service beyond these terms. 
In the one case the cost of an article may have to be carried 
for complete amortization long after the article has gone out 
of use. In the other case an article with many more years of 
usefulness should be rated as of no value. Accountants have 
found methods to overcome these difficulties but the book- 
keeping which is involved becomes complicated. 

When a public utility is established and its existence is justi- 
fied by all attendant circumstances, the owner has reason to 
assume that the prospective business will prove profitable. 
There will usually, however, be a certain time during which his 
operating expenditures will exceed the revenue produced by 
the property. This time may extend over a period of years. 
Due consideration must be given to such facts as this as well as 
to the estimates of the prospective business when the cost of a 
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commodity or of a service is to be ascertained and its sale price 
is to be fixed. The cost records should be so kept that they 
will give all needed information relating to past financial history 
as well as to the current cost of operation. 

Any reduction in the value of an operative property such as 
may result from an advance in the art of the manufacture of 
its output or du*e to decrease in value of real estate and like 
causes, may result in an operating loss. In the case of a public 
service corporation where the investment is of real concern, such 
possible reduction of value is one of the elements covered by 
the hazards of the business and should be forestalled or should 
in the course of time be amortized by the excess of earnings 
over and above earnings on ordinary safe investments. 

Any increase in value, no matter what it may result from, 
belongs among the earnings. Despite the rulings which have 
been had on this point by competent authority, it would seem 
preferable not to include appreciation in the rate-base but as 
elsewhere suggested to permit earnings that will give the owner 
a limited share in the general prosperity of the community. 
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THE VALUATION OF MINES AND OIL PROPERTIES 
General Statement 

Purposes of the Valuation. — Valuations of mines and oil 
properties as in case of other properties are needed for many 
purposes, the most general being, (i) the purchase or sale of such 
properties or portions thereof, (2) the information of owners or 
others interested in the property as a guide to the proper opera- 
tion thereof or to the financial operations connected with such 
operation and (3) the determining of a basis on which taxation 
can be figured The methods used to accomplish purposes 
(i) and (2) are closely associated and in many cases identi- 
cal, but the proper method or methods for determining what 
the basis for taxation shall be, as shown later, must differ from 
valuations for other purposes. 

Limitations upon Accuracy. — Because of the impossibility of 
fixing definitely the economic value of the mineral deposit, the 
extent of which may be indeterminable, valuations of mining 
and oil properties must be less definite than the valuations of 
industrial and public utility properties, the value of whose 
physical elements, at least, can usually be determined with 
considerable accuracy. 

In underground metal mining, the development is in many 
instances kept just a short distance in advance of productive 
operations. This is sometimes due to the irregular nature of 
the ore bodies, but generally can be explained as a result of 
the method of financing mining properties. This is particu- 
larly true in small operations where the money earned is used 
to carry the expense of the development and the necessity to 
raise additional funds for extensive development is avoided. 

237 
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This is not always true of extensive mining properties repre- 
senting large investments. The Utah Copper Company in the 
United States and the Braden and Chicaquamata copper prop- 
erties in Chile have ore bodies blocked out sufficient for 45 to 
70 years of operation. This extensive development facilitates 
the valuation of these ore bodies. It should be noted, however, 
that two mines having equal ore reserves might be valued at 
very different figures because one may promise a future beyond 
its reserves while for the other there may be no hope of further 
production when the reserves in sight are exhausted. 

The difficulty that is met in estimating the value of the 
mineral deposit is apparent also at oil properties when only a 
number of wells sufficient to develop enough oil to supply the 
existing market and to provide for a limited period in advance 
are drilled. Because of the usual great depth of oil wells, the 
sinking of new bores becomes an item of large expense and the 
development to a considerable extent of the holdings of an oil 
producing company might financially embarrass an othenvise 
profitable concern. 

Placer gold deposits (hydraulic and dredging) in most cases 
are thoroughly prospected by pits or drill-holes and the value 
ascertained before mining operations are commenced. The drift 
placer mines of the Western United States form an exception 
and it is in most cases extremely difficult if not impossible to 
determine the value of such deposits. 

Methods Commonly Employed in Valuation 

Enumeration of Methods of Valuation. — Numerous methods 
of valuation have been employed and these have been modified 
by such variations as have suited the views of the valuating 
engineer or valuating body. That this has resulted in con- 
fusion is shown by recent court decisions. The engineer or 
valuer who does not definitely state the methods used by him 
in obtaining his valuation of the property seems to he the most 
likely to have his estimate supported by the findings of the 
court when appeal has been taken. 
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Among methods that have been used the following are the 
most important: 

(1) Valuation by empirical methods. 

(2) Valuation based on market value. 

(3) Valuation based on royalty value. 

(4) Valuation by capitalizing profits. 

(s) Valuation by estimation method. 

(1) Valuation by Empirical Methods. — An important ex- 
ample of an empirical method is the so-called foot-acre ’’ 
valuatiojn of coal measures. A certain value per foot-acre of 
coal has been established in a certain district and the value of 
any property is based on this unit disregarding the fact that 
thin beds of coal are not worth as much per acre-foot as thick 
beds. 

Another empirical method is that under which a value is 
placed on a mineral property of so many times the annual 
proceeds or the annual profits regardless of the actual expecta- 
tion of life of the mine. It is needless to say that this method 
is used only for taxation purposes. 

(2) Valuation based on Market Value. — A method of valuation 
of coal lands based on the use of the results of sales of neighbor- 
ing properties has been found acceptable to the courts. The 
attempt is made to fix the actual sale value of a coal property 
by examining the price at which other property similar to that 
under consideration has been sold. This method is derived 
from existing methods of real-estate valuation and from an 
engineer’s standpoint is acceptable only when checked or sup- 
plemented by a valuation on some other basis. Such checks 
may demonstrate that recent sales were not made at the actual 
value of the properties sold. Further than this no recent sales 
of similar properties may be available for purposes of com- 
parison. 

(3) Valuation Based on Royalty Value. — The royalty value 
method of appraising the value of mining properties makes 
use of the established royalty value per ton. This method of 
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valuation has been applied to some extent in coal regions. 
Because coal becomes more valuable from year to year the 
value of a leasehold will increase. The annual profits exceed 
the royalties by continuously increasing amounts and a valua- 
tion based on the average royalty payments in a district cannot 
be a gauge of the actual values, particularly districts where the 
leases have been in effect for some length of time. In addition 
to the value of the mine or colliery determined from royalty 
values, the leasehold itself has a value which increases as the 
value of the mineral product goes up and the actual value of 
the property must be the summation of these two values. As 
the leasehold value is determined by subtracting the valuation 
based on royalty values from a valuation of the property, itself, 
by some other method, it is evident that the royalty value 
method cannot be independently used to determine the value 
of the property. 

(4) Valuation by Capitalizing Profits, — By this method the 
valuation is based on a capitalization of the net annual profits. 
It requires an estimate of the remaining life of the property but 
does not take into account the fact that incompetent manage- 
ment may so deplete the profits that a valuation with these as 
a basis may not approximate the actual value of the property 
in competent hands. 

This method should only be adopted when estimated profits 
instead of actual profits are used as a basis. It is then appli- 
cable in the case of oil properties and other deposits the extent 
of which is indeterminable. If the life of adjoining or neighbor- 
ing properties has been proven, an approximate basis may be 
had for estimating the life of the property which is to be valued. 
The depths to which mineralization extends in neighboring 
mines often is used to determine the expectation of a prospect 
when such information supplements the geological features of 
the deposits. 

(5) Valuation by Estimation Method, — This method is 
adopted by mining engineers in the valuation of mineral prop- 
erties when these are to be bought, sold or financed. Deter- 
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mination of all the elements that have a bearing on the values 
is necessary. The estimated profits capitalized furnish the 
foundation for a valuation of the ore bodies or deposits. These 
profits are dependent on the sales value of the product, the 
geological structure of the deposit, the cost of mining (present 
and future), the cost of surface treatment, and other factors. 

In fixing the value of coal lands use can be made of the foot- 
acre ’’ method of valuing coal lands provided account is taken 
of the fact that a foot-acre of coal in a thin vein is not so valuable 
as it is in a thick vein. The sales of adjoining properties will 
be of assistance to the engineer in fixing a value, particularly in 
case of coal lands which have not been explored but which con- 
tain the same beds and show geological conditions similar to 
properties that have recently changed hands. The royalty 
value ’’ should not be ignored and when properly determined 
furnishes a valuable check on the valuation. 

When account has been taken of the risks of operation, the 
geological features of the deposit and the economics of the 
necessary surface plant, the total prospective estimated profit 
can be suitably discounted and a certain definite valuation 
placed on the property. In determining the present value of a 
property for which the profits have been estimated, it is necessary 
to remember that certain fixed charges such as replacements, 
sinking fund payments (paid or not paid), etc., are to be deducted 
before the profits are capitalized. 

A mining property to be a good investment must promise to 
an investor the return of his capital in addition to interest on 
the capital at a rate commensurate with the risk he takes in 
investing in such a property. What the risk will be should be 
determined by the investor before he makes the investment. 
Comparison of the proposed investment with certain standard 
investments such as government bonds, railroad bonds and real- 
estate mortgages should be made. 

Proper Rate of Interest. — The proper rate of interest on 
mining investments has been and stiU remains the subject of 
much discussion among engineers. A reasonable solution of 
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the problem has not been advanced and it is the belief of the 
author that it is not possible to determine a rate of interest 
that would apply equally well to all mining investments. The 
risk incurred by investing in a property that has been slightly 
developed is much greater than the risk in the case of a well- 
prospected ore body even when the mines contain similar ores 
and will be operated under similar conditions. Then again the 
average risks in copper mining differ from the average risks in 
gold mining and so on. 

Mr. H. C. Hoover has tabulated the risks of mining as follows:* 

“ I. The risk of continuity in metal contents beyond the 
sample faces. 

^^2. The risk of continuity in volume through the blocks 
estimated. 

3. The risk of successful metallurgical treatment. 

“ 4. The risk of metal prices, in all but gold. 

‘^5. The risk of properly estimating costs. 

“6, The risk of extension of the ore beyond exposures. 

“ 7. The risk of management.’’ , 

Several of these risks are found in industrial enterprises 
(Risks 4, 5 and 7). The risks of continuity of ore body and of 
ore values are peculiar to the mining industry. The limited 
market for the mineral products and the effect of the volume of 
the output on the prices that can be obtained increases the risk 
that capital must take. The problem of obtaining proper metal- 
lurgical treatment is an important one particularly when start- 
ing operations at new properties. The fact that the mineral 
constituents of the ore may change as greater depths are reached 
and that the previously satisfactory flow sheet may no longer 
realize the percentage of extraction on which the profits were 
based cannot be ignored by the investor. The interest return 
that might be attractive to an investor in a proven district 
might not be sufficient to attract capital in a district where the 
mines are still prospects and where the depth of the mineraliza- 
tion has not been tested. 

* H. C. Hoover, ^‘Principles of Mining,^' 1909. 
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It is a fact that industrial enterprises because of additional 
risks demand greater interest returns than Government bonds 
and it seems reasonable that mining investments taken as a 
class should call for a greater rate of interest than industrial 
enterprises. 

This claim for a higher rate of interest is opposed by such an 
authority on mine valuation as Mr. J. R. Finlay * who can be 
quoted as follows: 

“ I have generally assumed that 5 per cent was a normal inter- 
est — or discount rate. If that is so, it is a fair figure to use in a 
mine valuation, which should be nothing but a candid inquiry 
into the present value of expected profits.’^ 

If Mr. Finlay’s statement is correctly understood, he is willing 
to ignore the risk that these prospective profits may be dimin- 
ished or may entirely be cut off before the estimated life of the 
property has been accomplished. If it is true that at any min- 
ing property risks exist over and above the risks existing in 
so-called safe ” investments, then a 5 per cent discount or 
interest rate is not sufficient to induce sane investment. Mr. 
Finlay’s 5 per cent interest rate, as applied to the iron mines of 
Michigan in his appraisal made for the State Tax Commission 
in 1911, was changed by that Commission to a 6 per cent basis 
in 1913. 

Other authorities have gone on record as advocating higher 
interest rates and in this connection the following will be found 
of interest: 

Mr. J. H. Curie t states that a suitable mining investment 
must fulfill the following requirements: 

ist. The development in the bottom must be good; 

2nd. The mine must pay 10 per cent per annum; 

“ 3rd. There must be 60 per cent of the price of the shares in 
sight.” 

Mr. Hoover in his admirable work on mine valuation says: t 

* J. R. Finlay, “Valuation of Iron Mines/^ Trans. A.I.M.E., Vol. 45, p. 295. 

t J. H. Curie, “The Economist/^ London, Sept. 15, 1903. 

t H. C. Hoover, “Principles of Mining,'^ 1909. 
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What rate of excess return the mine must yield is a matter of 
the risks in the venture and the demand of the investor. Min- 
ing business is one where 7 per cent above provision for capital 
return is an absolute minimum demanded by the risks inherent 
in mines, even where the profit in sight gives warranty to the 
return of capital.’’ 

Mr. G. A. Denny, an English engineer, says; 

A normal mining risk stated in terms of interest may be 
taken at 10 per cent per annum on the capital expended plus a 
rate for the redemption of capital.” 

John Hays Hammond f expressed his views on this question as 
follows; 

In many mines persistency of the ore deposits and, therefore, 
the reliability of the mines as dividend payers, justified the in- 
vestment upon a basis in some instances as low as 8 per cent, 
dividends to which, of course, must be added a certain per- 
centage to provide for the amortization of the capital. Gener- 
ally speaking, however, investments in mining securities are not 
to be regarded as attractive unless they return from 10 per cent 
to 15 per cent in dividends, in addition to the profits to be set 
aside for amortization.” 

Price of the Mineral Product. — Because of wide fluctuations 
in the prices that minerals bring in the market, the use of the 
current market price of such a product in measuring the value 
of a mineral deposit is not proper for valuation purposes in 
general. No hardship would be forced on the owner or operator 
if, for taxation purposes, valuations were made annually based 
on the current price of the mineral produced. This method, 
however, results in a valuation fluctuating in amount from year 
to year and because of the constant changes required, does not 
seem to be practical. 

The '' normal ” price of a mineral may be defined as the aver- 
age market price over a certain definite period of years. Periods 
of time five or ten years in length are in general use. The 

* G. A. Denny, Mexican Mining Journal, July, 1910. 

t John Hays Hammond, Engineering and Mining Journal, Jan. i, 1910. 
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basic ” price represents the point at which the mineral produc- 
tion falls off to such an extent that a rise in price results. 

Mr. Hoover in his Principles of Mining ” states that safety 
lies somewhere between the “ basic ’’ and nonnal ” prices. 
No such limitation should be placed on the exercise of the 
judgment of the valuating engineer, as this assumption cannot 
hold good during the years following protracted periods of finan- 
cial depression such as the hard times of 1893 1898. The 

normal ’’ price of many minerals estimated on a lo-ycar or 20- 
year average basis was for a considerable period of time following 
this depression less than the actual value of the mineraL 
For illustrative purposes certain tables of statistics giving the 
production and average prices of four important metals (copper, 
lead, silver and zinc) from 1880 to 1914 are given at the close of 
this Chapter. Curves have been plotted which illustrate the 
relative increase in the production of these metals from year to 
year and also the changes in the average annual price. (Fig. 4 
to Fig. 7.) For comparison normal curves of production and price 
(based on ten-year averages) have been plotted assuming that 
the average figure for production and price are applicable midway 
of the ten-year period. By continuing these normal curves to 
date on the assumption of a five-year future history for the 
metal, a present “ normal ” price can be obtained that will be 
as close an approximation as can be made. 

Valuations for Purchase and Sale. — Wtim a valuation of a 
mining property is needed because of a contemplated change in 
ownership, the most satisfactory method of valuation is the 
straightforward one involving the determination of the value 
of the ore body on the basis of its production past, present and 
expected. 

Such a valuation includes an estimate of the probable life or 
expectancy of the property under the actual or an assumed rate 
of production, an estimate of the price that the mineral product 
will bring in the markets of the world and an estimate of the 
cost of producing the mineraL This method requires the use of 
all available information as to geology, actual operating costs, 
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adjacent developed properties, recent sales of same, determina- 
tion of the normal ’’ price of the mineral, recent sales of 
metal or of ore at the property, determination of the proper 
rate of interest to be used as a basis for capitalization, and the 
like. 

The rate of production that is properly brought under consider- 
ation must be determined from consideration of the fact that 
the operating costs per ton decrease as the capacity increases, 
while the fixed charges increase when the cost of the installation 
is increased. It may be found that the rate of production 
actually in use is not that which brings out the full value of the 
property and an assumption of a proper rate should be made in 
determining the profits that can be expected. In the case of cer- 
tain minerals having a limited market, the output is controlled 
by market conditions which must be considered in determining 
the rate of production. 

Valuations for Owner’s Information. — Valuations made for 
the purpose of informing the owner as to the condition of the 
property, although made in a similar way to those for purchase 
and sale purposes, may be limited by the special purpose for 
which they are required. 

During the operation of a property it may be desirable to 
determine from time to time the present value of the property, 
taking into account the new underground developments, im- 
proved methods of ore treatment and changed market condi- 
tions. A desire on the part of the owner to ascertain on what 
basis he might, with advantage to himself, join in cooperative 
operations with adjacent properties, may lead to a valuation. 
This often occurs in the case of oil lands in small holdings that 
for reasons of economy can only 'market their product by co- 
operative means. The rental of coal lands and other deposits 
that contain large mineral bodies to other operators requires a 
determination of the royalty ’’ that should be charged and this 
should be based on an actual valuation and not on the average 
royalty in current use in the district although this value may 
be used for a check. 
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Valuation for Taxation Purposes. — Whether it is desirable 
from an economic standpoint to tax the ore bodies in the pos- 
session of mining companies is an open question that has been 
hotly debated by engineers and economists. Different methods 
of taxation have been suggested: 

(1) Taxation based on surface improvements only. 

(2) Taxation based on estimated value of the ore body and 

surface improvements. 

(3) Taxation based on foot-acre ’’ or royalty ” value 

and on empirical methods of valuation. 

(4) Taxation based on annual production or gross proceeds. 

(5) Taxation based on annual profits or net proceeds. 
Probably the earliest popular method of taxing mining 

properties was to tax only their surface improvements. It 
was not considered advisable to tax an industry that was of 
such economic value to a community. Also because of the 
risks of the business it was deemed necessary to make mining 
investments as attractive as possible to the capitalist and not 
to hamper operations, particularly in the early stages, when 
an enterprise was just getting on its feet. The history of the 
mining industry in this respect is similar to that of public 
utilities, which have anticipated and facilitated the growth of 
population in the territory served. Just so long as the operations 
were conducted at a risk the public showed no desire to interfere 
or to assume responsibility, but once the investments have be- 
come firmly established and are earning a reasonable interest 
on the capital investment regulation of the utility with its 
accompanying embarrassments has been commenced and the 
practice of allowing the company a return on its depreciated 
fair value and not on its investment has sprung up. 

In the case of the mining properties it became apparent that 
the large coal, iron and copper operations after a successful 
struggle for existence had become profitable and represented a 
very large portion of the business of certain communities. Taxa- 
tion above a mere tax on surface improvements was proposed 
and has become an established practice in many states. 
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Valuation of Mines for Taxation in Various Localities 

In a general way some methods of valuing mining property for 
taxation purposes will now be outlined. 

Alabama, California, Iowa, New Jersey, New York, Oregon, 
Washington, and West Virginia appraise mining property in a 
similar manner to real estate and other property. They have 
no laws pertaining to the valuation of mining property. This 
method requires a perfunctory valuation of the surface improve- 
ments and of the ore body, the latter in some cases being entirely 
ignored. 

Michigan, Minnesota and Wisconsin assess their mining prop- 
erties on a basis of the estimated value of the ore body and the 
surface improvements giving weight to all the elements that 
enter into value. 

In Michigan the present system was introduced by Mr. J. R. 
Finlay in 1911. Data are compiled from the reports of mine 
operators in sworn statements. Then an inspection is made by 
the State Geologist and his assistants to estimate the reserves 
and check up other data. The State Tax Commission passes 
on the figures and after a public hearing the final results are 
reported to the local assessors. The valuation is based on four 
elements — ore reserves (developed and prospective), average 
annual profits (five-year average), life or expectancy, and the 
rate of interest. The developed reserves consist of ore blocked 
out above the bottom levels. Prospective reserves con- 
sist of the expected extension of the ore bodies downward 
or laterally beyond existing workings. The average annual 
profits are estimated from a five-year record when such exists. 
Undeveloped properties are judged by the operations of other 
mines. The expectancy of a property is taken at the ratio of 
the estimated reserves to an average five-year shipment. The life 
of the undeveloped mines is estimated by comparison with adja- 
cent operations. The interest rate is now 6 per cent for both 
principal and sinking fund. It was 5 per cent and 4 per cent 
respectively in 1911 when Mr. Finlay had charge. The criti- 
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cism of this system is that the values of the ore bodies cannot 
be accurately 'determined, that by using annual profits as a 
basis a premium is placed on inefficient operations, that the 
life cannot be determined with any degree of certainty and 
that the rate of interest is too low, making the present esti- 
mate of value too high. It has several times been proposed 
to introduce a tonnage tax in Michigan. Recently the State 
Grange proposed to invoke the Initiative in order to obtain 
a tax bill proposing a levy of | cent per pound on copper and 
10 cents per ton on iron ore. This method of taxing would 
penalize the concern that was mining with only a small margin 
of profit and would tend to unnecessarily hamper the mining 
industry in the State. 

Minnesota has the engineers of the State Tax Commission 
measure up the tonnage of ore underground and then an ad va- 
lorem tax on 50 per cent of the present indicated value is levied. 
Mineral lands that are not productive are taxed. A tax of 4 
to 47 cents per ton has been proposed on stock piles. 

In Wisconsin the 1913 Legislature passed a law assessing 
mining properties or mineral lands upon the estimated value of 
the ore underground. A report based on production profits, 
etc., was made by W. L. Uglow, engineer for the State Tax 
Commission, but his recommendations were greatly altered by 
the Commission. It was found necessary to reduce the figures 
for developed properties and to entirely cut out the estimates 
on undeveloped properties. The system he adopted might be 
called a semi-empirical method which is based on figures from 
a theoretical zinc mine. His theoretical or hypothetical ” 
mine was the result of combining the figures from several actual 
operating properties. The assumed life was taken as four years 
which is the average as determined from the previous experience 
of the district. Mr. Uglow’s method of ascertaining the value 
of a mine as applied consisted of multipl3dng the annual profit 
by the factor 2.43 which is the figure obtained by using the 

hypothetical ’’ mine and assuming that profits do not fluctuate 
from year to year. He claims as advantages that his method 
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is based on actual profit and average life and that it bases the 
assessment on a multiple of the profits rather than on the market 
value of the mine. 

Pennsylvania taxes its coal lands under the acts of 1841 and 
1842 which require the taxation of every subject of taxation 
at the actual value thereof.” The foot-acre method of assess- 
ment was in general use until 1907 when a big jump in value 
was made. Appeal to the state courts resulted in decisions 
which declared the foot-acre ” and royalty ” methods un- 
satisfactory and dependence is now placed mainly on recent 
sales in the vicinity to determine the market value of a property. 
Although fairly satisfactory for real estate appraisals this method 
cannot be applied with equal success to lands whose coal deposits, 
of indeterminate extent, in many instances give them value. 
Further than this recent sales in the vicinity may be scarce and 
the resulting standard of value because of this fact very un- 
satisfactory. 

Arizona and Colorado tax mining properties on the basis of 
production. 

Arizona divides mining properties into two general classes, 
productive and non-productive. Productive properties include 
those which yield net proceeds during the year, after deducting 
cost of active operation, cost of transportation, cost of market- 
ing, smelting and refining, and expenses for betterments and 
repairs. The return of the capital cannot be considered as part 
of the cost nor can the salaries of those not continuously en- 
gaged in the enterprise within the state be included as an 
element of expense. The assessed value is arbitrarily taken as 
one-eighth of the gross value plus 4 times the net value of the 
annual output plus the value of the surface improvements. 
Non-producing mines are taxed in the same way as other real 
property in the State. 

Colorado determines the net proceeds by deducting the actual 
cost of extraction, after eliminating unnecessary expenditures 
and the actual cost of transportation to place of sale, from the 
gross value of the annual production (the sum actually obtained 



by the owner). In 1915, the assessed value was fixed at- 25 per 
cent of the gross annual proceeds or the net annual proceeds 
whenever this exceeds 25 per cent of the gross proceeds. Im- 
provements are assessed at the same rate as other property in 
the vicinity is assessed. It is claimed in Colorado that this 
law permits the owner of a large idle group of claims to pay 
no greater tax than a prospector actually working a single claim. 

Idaho, Montana, Nemda, New Mexico and Utah tax the net 
proceeds of mining properties. 

In Idaho the net proceeds are used as a basis for the assess- 
ment Improvements are assessed at full cash value. The 
ground of undeveloped claims is taxed oil the prices paid to the 
U. S. Government when they were purchased. 

Montana bases its mine tax on the net proceeds. The surface 
is assessed at the price paid to the U. S. Government ($5 per 
acre for metal mines and $2 per acre for coal). If the sur- 
face is more valuable for other purposes, it is assessed at the 
market value of such property. Surface improvements are taxed 
at market or local value. 

Nevada assesses all patented claims at $500 unless it can 
be proved that over $100 worth of work has been done during 
the year. Improvements are assessed at local value. A tax is 
levied on the net proceeds of all operating mines. By deduct- 
ing such charges for operation, transportation and reduction or 
sale of output as the State Tax Commission permits, from gross 
value of the production, the net proceeds are estimated. No 
deduction for office expenses other than those of operating 
offices are permitted. The salaries of mine officials are limited. 
The investment in surface plant is not depreciated nor is the 
redemption of any investment in mine ground or prior develop- 
ment permitted. By an agreement between the Tax Commis- 
sion and operators, future levies were to be made only on 60 
per cent of the net profits or the same percentage which is applied 
in assessment of other property. During 1915, this percentage 
has been raised to 70 per cent by the Tax Commission. 

New Mexico has placed its mine taxation in the hands of a 
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State Tax Commission. The owners or lessees of mines are 
ordered to furnish annual statements supplying the Commission 
with the necessary data to determine the net proceeds. Surface 
improvements are taxed as other like property. Unproductive 
patented mining claims are assessed and taxed on a reasonable 
valuation as undeveloped mineral lands in addition to their 
surface value whatever it may be. The law for the taxation of 
mining property was drawn up by the attorney of one of the 
large mining companies in New Mexico and is believed to be 
satisfactory to the mining interests. 

Utah has a system for assessing on the basis of the net 
proceeds but the State Board of Equalization does not allow 
deduction for interest, taxes, insurance, legal expenses, etc., so 
the mines are really being taxed on more than their net proceeds. 

Mexico prior to the Carranza regime placed an annual surface 
tax of 6 pesos per pertenencia (loo meters square) on all claims 
of less than 25 pertenencias in size. On each pertenencia in 
excess of 25 the annual charge is only 3 pesos. A state or 
federal tax on output could be levied not to exceed per cent 
of the assay value. The tax on reduction plants was 0.6 per cent 
of the valuation but other improvements were not taxed. When 
ore was exported unrefined it was taxed per cent of the assay 
value but when it was refined in Mexico the export tax was 
only 2I per cent of the assay value. 

Since the de facto government has been controlled by Car- 
ranza, an annual tax has been established at the rate of $6 per 
hectare on a property of not over 10 hectares, $7.50 per hectare 
on the acreage in excess of 10 hectares and below 20 hectares; 
$9 per hectare on that from 20 to 50 hectares; and $12 per 
hectare on all above 50 hectares. 

Recent developments in Mexico are such that it cannot be 
stated with definiteness what is the method of mine taxation. 

German South-West Africa. — British consular reports state 
that the mines of German South-West Africa were taxed by an 
empirical method. The tax amounted to the difference be- 
tween 66 per cent of the gross value of the output and 70 per cent 
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of the cost of operating. This amounts to no tax when the 
profits are 6 per cent or less, to 10 per cent tax on gross produc- 
tion when the profits are 20 per cent of the gross, to 31 per cent 
when the profits are 50 per cent and so on up to the Umit of 66 
per cent of the gross production when the operating expenses 
approach zero. 

Propriety of Taxing Mining Property. — The question of the 
propriety of taxing mining properties is an important one. In 
states such as Michigan and Minnesota where mines make up 
a large proportion of the industry of the state it is necessary 
that mining properties bear a large share in the maintenance 
of the government which exists largely for their protection. 
In the states just mentioned a closer approximation of the value 
of the ore underground is possible than in states where the 
mining interests are largely concerned with precious metals. 
This should not be construed to mean that the methods of assess- 
ment now in vogue in the former should be considered the 
proper ones. 

There is no doubt that taxation of mines in any form must 
retard to some extent the development of the mining industry 
which is of such economic value to the country. It also must 
be granted that in certain communities the mining interests are 
so large that it is only proper that they pay their share of the 
governmental burden. Injustice can be avoided only by the 
exercise of caution when mineral lands are to be taxed. That 
taxation may run riot has been shown in Minnesota in the case 
of mines located within the boundaries of municipalities. 

In Buhl, Minnesota, the 1913 municipal tax levy was $125,000 
or $125 per inhabitant. The town had 172 voters and had 
over 100 persons on the pay roll during the year. Only i| per 
cent of the assessment was paid by the inhabitants and 98I 
per cent by the Mining Companies. In Keewatin the levy 
amounted to $374.10 per inhabitant. The township of Stutz 
in 1914 spent more than $900 for every voter. By court 
order some of these levies have been modified but they show 
what extremes are possible. It is understood that the per 
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capita expenditures of municipalities have now been limited to 
$25 per inhabitant by the State Legislature. 

The general principles of mine taxation are not comparable 
with those controlling the taxation of unimproved real estate 
which is held idle waiting for the unearned increment. Mining 
properties may be allowed to remain idle because there is no 
present market for their product at a price that will permit a 
profit but they cannot be held for any length of time as an 
investment waiting for a chance to make a large turn because 
under ordinary circumstances no important permanent increase 
in value is to be expected. When large increases in the price of 
minerals take place, new substances at more reasonable prices are 
apt to be supplied to do the same work. Water power takes 
the place of mineral fuels. Oil takes the place of coal in certain 
localities where coal is high and so on. 

Improvements in the methods of production as well as in- 
creased production have resulted in decreased prices of the 
output rather than in increased returns. Furthermore as com- 
pared with farming and other manufacturing industries mining is 
not as attractive a field as it formerly was and in another decade 
will probably not be as attractive as it is at the present time. 

Mr. T. A. Rickard, in a recent paper before the International 
Engineering Congress, points out that a mine is not an invest- 
ment but is a speculation. He writes: 

“ The act of mining cannot be applied on scientific principles 
until two basic ideas are fully comprehended: (i) A mine is a 
wasting asset and (2) mining is a speculative business. To treat 
a mine as an investment, and to appraise it on that basis is to 
ignore the cumulative facts of to-day and of other days. Min- 
ing is a speculation that can be wise or foolish according as a 
man recognizes the inherent risk and takes his chances ac- 
cordingly.’’ 

Taxation of certain deposits such as coal-beds, oil fields, etc., 
on the basis of the present value of future production tends to 
increase the current output and might easily lead to the de- 
structive working of such deposits if vigorously enforced, a.g., 
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the abandonment of thin beds of coal or the failure to take care 
of the water in the oil well. The same is true but probably not 
to the same extent of other minerals. 

The unfair taxation of precious metals will result in the 
hampering of the organization and the financing of promising 
prospects or the shut down of properties that are running very 
close to the margin of no profits. 

The following quotation from Mr. T. C. Bonney * emphasizes 
the difference between real estate and mineral lands: 

“ The mineral store of each district and of the whole earth is 
practically limited in quantity, be it gold, or any other metal, 
be it coal or any fuel The formation of a fresh supply is a 
process so slow that, for all practical purposes, it may be excluded 
from consideration. . . . Hence the store, sooner or later, must 
be exhausted, now in this country, now in that. In agriculture, 
provided manures can be obtained, the land seems never to lose 
its productive power. The mine or quarry, once worked out, 
has played its part for good in the economy of the earth.” 

Conclusion Relating to Taxation of Mines. — In conclusion, 
it may be stated that the fairest way to tax mining properties 
of any class would be on their annual profits, modified by the 
regulating body in the case of wasteful or careless operations, 
capitalized at a rate of interest commensurate with the average 
mining risk for that class of property. By repeating these 
valuations at frequent intervals no hardship will be thrown on 
the property whose profits are on the downward grade. When 
it is found impossible to estimate the life of the property involved 
with definiteness as is usually the case in the mining of precious 
metals, empirical or semi-empirical methods of valuation must 
be adopted. Such method as establishing a taxable value equal 
to a percentage of or a multiple of one year’s net or gross pro- 
ceeds would probably be preferred to the use of an estimated 
market value by the mining companies. The percentage or 
multiple used should be fixed so as to distribute the taxes in the 
proper proportion between mine owners and other taxpayers. 
The effort to tax non-productive properties cannot be endorsed 

* T. G. Bonney, D.Sc., F.R.S., Dictionary of Political Economy, 1910, p. 768. 
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except in cases where it can be clearly demonstrated that deposits 
economically available do exist. 

Methods of Valuing Oil Properties 

In the Appalachian oil fields , oil properties have been valued 
on the basis of the daily production of the wells measured after 
the output has reached a settled stage. The valuation is so 
fixed as to permit the purchaser to recover his capital in $ to 
lo years and to obtain a reasonable return on his investment. 
It is stated that the average sale price of producing lands varied 
from $800 to $1000 per barrel-day a few years ago. 

In Illinois^ many properties changed hands during the early 
stages of the operations at a rate that would insure the return 
or amortization of capital within 18 months. This was before 
the life of the wells had been given a practical test. 

Two large valuations of oil properties have been made in 
California since 1900 and the methods that were adopted are 
of particular interest to the valuation engineer. 

In 1910 the Kern River oil-field was valued because of the in- 
tended consolidation of several separate holdings within the field. 
Because of the object of the investigation only values bearing 
comparison with* one another were required. The values of all 
the properties involved were expressed in terms of the value of 
a certain selected tract of oil land located in the approximate 
center of the field. Concentric circles drawn about the center 
of the field were used to express the relative value of individual 
tracts as affected by their distance from the center of greatest 
productivity. A measurement of the productivity of all the 
producing wells was made covering a month’s time, thus deter- 
mining the production at that time and experiments were con- 
ducted on samples of the oil-bearing strata to determine the 
amount of oil that could be recovered from a known volume. 
The results were used as a measure of the extractable oil which 
could be pumped from the 6il strata, the volume and area of 
which could be estimated. A safety factor was introduced by 
assuming that only one-half of the oil measures would be pro- 
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ductive. Subsequent experience indicates that this safety 
factor was not sufficient. 

A method of oil land valuation, which has been applied more 
recently, is that adopted by the engineers in valuing the proper- 
ties which market their product through the Independent Oil 
Producers Agency, which valuation had in view the merging of 
a number of companies in one large organization or corporation. 
The method used was based on the determination of a pro- 
duction curve for each property.- A study of the history of 
producing wells has given basis for the assumption that the 
wells in a field constantly decrease in production at a rate the 
changes of which can be plotted in curves and, using these curves 
as a basis, old wells, new wells and wells not yet drilled can all 
be taken into account in estimating the future production of the 
oil lands. The total operating expenses have been estimated 
from existing records and the prospective future net receipts 
have been discounted in obtaining the present value of the prop- 
erties Amortization of all capital except the salvage of sur- 
face improvements has been assumed to take place in ten 
years. Bfistory ’’ is also prerequisite to this method and 
attention should be called to the fagt that, because of the 
inaccessibility of the reservoirs of oil, the more extensive the 
record of previous operations, the more satisfactory will be 
the valuation no matter what method may be adopted. 

PRODUCTION AND PRICE OF COPPER, SaVER, 
LEAD AND ZINC IN THE UNITED STATES 
Plates and* Tables 

Accompanying Chapter on Valuation of Mines and Oil Properties 

Figures 4 to 7, and Tables 15 to 18 which directly follow this 
page deal only with four of the principal metals, copper, silver, 
lead and zinc. The statistics given are based on the best 
available data and the figures are believed to be sufficiently 
accurate to justify their use by valuating engineers who have in 
hand problems in which these metals have a part. 

The figures submitted for the United States prices and pro- 
duction are those of the United States Geological Survey. 
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Other available sources were found to be less complete and no 
discrepancies sufficiently large to question the reliability of these 
figures could be located. The world production of these metals 
has been taken from the annual reports of the U. S. Geological 
Survey supplemented by the annual statements of the Director 
of the U. S. Mint, Henry R. Merton & Co. (Limited) of London, 
and the Metallgesellschaft and Metallurgische Gesellschaft, 
A.“G., Frankfort-am-Main, Germany. 

TABLE IS COPPER IN THE UNITED STATE 

Annual Production 

(Based on smelter returns and prices at New York City) 

(1880-1914) 


Year. 

Prodi 

Pounds 

iction 

Total value 

Per cent of 
world 
production 

Average annual 
price at N. Y 

Price received 
for Lake copper. 

1880 

60,480,000 

$ 11,491,000 

17 4 

$0 190 

$0 195 

1881 

71,680,000 

12,176,000 

19 5 

0 170 

0 180 

1882 

91,646,000 

16,038,000 

22 7 

0 175 

0 180 

1883 

117,152,000 

18,065,000 

26 I 

0 154 

0 154 

1884 

145,222,000 

i7» 790,000 

30 0 

0 122 

0 131 

188s 

170,963,000 

18,293,000 

34 I 

0 107 

0 no 

1886 

161,235,000 

16,528,000 ' 

33 4 

0 102 

0 108 

1887 

185,227,000 

21,116,000 

36 9 

0 114 

0 120 

188S 

231,271,000 

33,834,000 

39 7 

0 146 

0 152 

1889 

231,246,000 

26,908,000 

40 I 

0 I16 

0 120 

1890 

265,115,000 

30,849,000 

44 0 

0 116 

0 150 

1891 

295,812,000 

38,455,000 

47 2 

0 130 

0 125 

1.892 

352,972,000 

37r977»ooo 

50 2 

0 107 

0 115 

1893 

339»786 ,ooo 

32,055,000 

50 I 

0 094 

0 105 

1894 

364,867,000 

33,141,000 

51 6 

0 091 


189s 

385.9I3 »ooo 

38,012,000 

52 3 

0 098 


1896 

460,061,000 

49,457,000 

54 4 

0 107 


1897 

494,078,000 

54,080,000 

57 2 

0 109 


1898 

526,513,000 

61,865,000 

54 7 

0 I17 


1899 

568,667,000 

101,223,000 

54 8 

0 178 


1900 

606,117,000 

98,494,000 

55 6 

0 162 

0 166 

1901 

602,073,000 

87,301,000 

51 8 

0 145 

0 150 

1902 

6S9 >So 9 >ooo 

76,569,000 

53 5 

0 116 

0 119 

1903 

698,045,000 

91,506,000 

53 2 

0 131 

0.133 

1904 

812,537,000 

105,630,000 1 

55 8 

0 130 

0.132 

1905 

888,784,000 

137,762,000 

57 5 

0 155 

0 156 

1906 

917,806,000 

177^596,000 

57.5 

0 193 

0.191 

1907 

868,996,000 

173,799,000 

54 7 

0 200 

0 184 

1908 

942,571,000 

124,419,000 

* 56 0 

0 132 

0 134 

1909 

1,092,952,000 

142,084,000 

58 4 

0.130 

0-133 

1910 

1,080,160,000 

137,180,000 

56 8 

0 127 

0.130 

1911 

1,097,233,000 

137,154,000 

56 0 

0.125 

0.128 

1912 

1,243,269,000 

205,139,000 

55 0 

0 165 

0.164 

1913 

1,224,484,000 

189,795,000 

55-7 

0.155 

0.154 

1914 

1,150,137,000 

152,968,000 



0.133 

0.136 
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TABLE 15. COPPER IN THE UNITED STATES {Continued) 
Normal Production and Price 
(Normals for ten-year periods) 


(1880-1914) 


Ten-year 

periods 

(inclusive) 

Production 

Pounds Value 

Normal production, 
pounds 

Normal pnce 
(ten-year aver- 
age). 

1880-1889 

1,466,122,000 

1 192,239,000 

146,612,200 

|o 13 1 

1881-1890 

1,670,757,000 

211,597,000 

167,075,700 

0 127 

1882-1891 

1,894,889,000 

237,876,000 

189,488,900 

0 126 

1883-1892 

2,156,215,000 

259,815,000 

215,621,500 

0 121 

1884-1893 1 

2,378,849,000 

273,805,000 

237,884,900 

0 115 

1885-1894 

2,598,494,000 

289,156,000 

259,849,400 

0 III 

1886-1895 

2,813,444,000 

308,875,000 

281,344,400 

0 no 

1887-1896 

3,112,270,000 

341,804,000 

311,227,000 

0 no 

1888-1897 

3,421,121,000 

374,768,000 

342,112,100 

0 no 

1S89-1898 

3.716,363,000 

402,799,000 

371,636,300 

0 108 

1890-1899 

4,053,784,000 

477,114,000 

405,378,400 

0 nS 

1891-1900 

4,394,786,000 

544 , 759,000 

439.478,600 

0 124 

1892-1901 

4,701,047,000 

593,605,000 

470,104,700 

0 126 

1S93-1902 

5,007,584,000 

632,197,000 

500,758,400 

0 126 

1894-1903 

5,365,843,000 

691,648,000 

536,584,300 

0 129 

1895-1904 

5,813,513,000 

764,137,000 

581,351,300 

0 131 

1896-1905 

6,316,384,000 

863,887,000 

631,638,400 

0 137 

1897-1906 

6,774,129,000 

992,026,000 

677,412,900 

0 146 

1898-1907 

7,149,047,000 

1,111,745,000 

714,904,700 

0.155 

1899-1908 

7,565,105,000 

1,174,299,000 

756,510,500 

0 155 

1900-1909 

8,089,390,000 

1,215,160,000 

808,939,000 

0 150 

1901-1910 

8,563,433,000 

1,253,846,000 

856,343,300 

0 146 

1902-1911 

9,058,593,000 

1,303,699,000 

905,859,300 

0 144 

1903-1912 

9,642,353,000 

1,432,269,000 

964,235,300 

0.149 

1904-1913 

10,168,792,000 

1,530,558,000 

1,016,879,200 

0.151 

1905-1914 

10,506,392,000 

1,577,896,000 

i 

1,050,639,200 

0 149 
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TABLE i6. SILVER IN THE UNITED STATES 

Annual Production 


(1880-1914) 


Year 

Annual production ^ 

Per cent world 
production 

Average 
commercial 
value per ounce 

Troy ounces 

Total value- 

1880 

30,318,700 

$34,717,000 

40 6 

$I IS 

1881 

32,257,800 

37,657,500 

40 8 

I 13 

1882 

36,196,900 

41,105,900 

41 9 


1883 

35,732,800 

39,618,400 

40 I 

I II 

1884 

37,743,800 

41,921,300 

46 3 

I II 

iSSs 

39 » 909 . 4 oo 

42,503 » 500 

43 6 

I 07 

I8S6 

39,694,000 

39,482,400 

42 5 

0 99 

1887 

41,721,600 

40,887,200 

42 9 

0 98 

IS88 

4 S> 792 , 70 o 

43,045,100 

. 42 2 

0 94 

1889 

50,094,500 

46,838,400 

- 41 7 

0 94 

1890 

54,516,300 

57,242,100 

43 2 

I 05 

1891 

58,330,000 

57,630,000 

42 5 

0 99 

1892 

63,500,000 

55,662,500 

41 5 

0 87 

1893 

60,000,000 

46,800,000 

36.4 

0 78 

1894 

49 j 500,000 

31,422,100 

30 I 

0 63 

189s 

55,727,000 

36,445.500 

33 2 

0 65 

1896 

58,834,800 

39,654,600 

37 5 

0 68 

1897 

53,860,000 

32,316,000 

33 6 

0 60 

1898 

54,438,000 

32,118,400 

32 2 

0 59 

1899 

54,764,500 

32,858,700 

32 5 

0 60 

1900 

57,647,000 

35,741,100 

33-2 

0 62 . 

1901 

55,214,000 

33,128,400 

31 9 

0 60 

1902 

55,500,000 

29,415,000 

34 I 

0 53 

1903 

54,300,000 

29,322,000 

32 4 

0 54 

1904 

57,682,800 

33,456,000 

35 I 

0 58 

1905 

56,101,600 

34,222,000 

32 6 

0 61 

1906 

56,517,900 

38,256,400 

34 2 

0 68 

1907 

56,514,700 

37.299.700 

30.7 

0 66 

1908 

52,440,800 

28,050,600 

25 8 

0 53 

1909 

54,721,500 

28,455,200 

25 8 

0 52 

1910 

S 7 »i 37 , 9 oo 

30,854,500 

25 8 

0 54 

I9II 

60,399,400 

32,615,700 

26 7 

0 53 

1912 

63,766,800 

39 . 197 . 500 

28 4 

0 615 

1913 

66,801,500 

40,348,100 


0 604 

1914 

72 , 455,100 

40,067,700 


0 553 
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TABLE 16. SILVER IN THE UNITED STATES {Continued) 
Normal Production and Price 
(Normals Based on ten-year periods) 


(1880-1914) 


Ten-year periods 
(inclusive) 

Production. 

Pounds. Value 

Normal produc- 
tion, pounds. 

1 

Normal price 
(ten-year aver- 
age). 

1880-1889 

389,462,200 

$407,776,700 

38,946,220 

|l 045 

1881-1890 

4 I 3 » 659 > 8 oo 

430,301,800 

41.365,980 

I 04 

1882-1891 

439 >73 2, 000 

450,274,300 

43.973.200 

I 025 

1883-1892 

467 . 035 »ioo 

464,830,900 

46,703.510 

0 995 

1884-1893 

491.302,300 

472,012,500 

49.130,230 

0 96 

1885-1894 

503,058,500 

461,513.300 

50,305.850 

0 91s 

1886-1895 

518,876,100 

455.455.300 

51,887,610 

0 88 

1887-1896 

538,016,900 

455.627,500 

53,801,690 

0 84s 

1888-1897 

550,155.300 

447.056,300 

55,015,530 

0 815 

1889-1898 

558,800,600 

436,129,600 

55,880,060 

0 78 

1890-1899 

563,470,600 

422,149,900 

56,347,060 

0 75 

1891-1900 

566,601,300 

400,648,900 

56,660,130 

0 705 

1892-1901 

563.4S5.300 

376,147,300 

56,348,530 

0 67 

1893-1902 

553,485,300 

349.899.800 

55.548,530 

0 63 

1894-1903 

549,785,300 

332,421,800 

54.978,530 

0 605 

1S9S-1904 

557,968,100 

334.455.700 

55,796,810 

0 60 

1896-1905 

558,342,700 

332,232,200 

55,834,270 

0 595 

1897-1906 

556,025,800 

330,834,000 

55,602,580 

0 595 

1898-1907 

558,680,500 

335.817.700 

55,868,050 

0.60 

1899-1908 

556,683,300 

331.749.900 

55.668,330 

0 595 

1900-1909 

556,640,300 

327,346,400 

55,664,030 

0 59 

1901-1910 

556,131,200 

322,459,800 

55,613,120 

0 58 

1902-1911 

561,316,600 

321,947,100 

56,131,660 

0 575 

1903-1912 

569.583.400 

331,729,600 

56,958,340 

0 58 

1904-1913 

582,084,900 

342,755.700 

58,208,490 

0 59 

1905-1914 

596.857,200 

349,367.4^0 

59.685,700 

0 585 
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TABLE 17. LEAD IN THE UNITED STATES 

Annual Production 

(Based on smelter returns and prices at New York City) 


(1880-1914) 


Year. 

Annual production. 

Per cent world 

Average annual 

Pounds. 

Total value. 

I production. 

price at N Y. 

1880 

IQ'^, 630, 000 

$ 9,782,500 

21 7 

$0 050 

1881 

234,170,000 

11,240,160 

24 4 

0 048 

1882 

265,780,000 

12,624,550 

26 2 

0 049 

1883 

287,914,000 

12,322,719 

29 3 

0 043 

1884 

279,794,000 

10,537,042 

29 I 

0 037 

i88s 

258,824,000 

10,469,431 

26 4 

0 039 

1886 

261,258,000 

12,200,749 

24 3 

0 046 

1887 

291,400,000 

13,113,000 

24 9 

0 045 

1888 

302,838,000 

13.399.256 

24 8 

0 044 

1889 

312,794,000 

13.794.23s 

26 0 

0 039 

1890 

to 

00 

0 

12,668,166 

21 6 

0 045 

1891 

357,108,000 

15. 534.198 

26 4 

0 043 

1892 

347,308,000 

137892,320 

22 .7 

0 040 

1893 

327,964,000 

11.839.s90 

23 3 

0 037 

1894 

318,662,000 

9,942,254 

23 4 

0 033 

189s 

340,000,000 

11,220,000 

23 8 

0 032 

1896 

376,000,000 

10,528,000 

25 3 

0 030 

1897 

424,000,000 

14,885,728 

26 8 

0 036 

1898 

444,000,000 

16,650,000 

25 9 

0 038 

X899 

421,000,000 

18,9457000 

23 3 

0 04s 

1900 

541,648,000 

23,561,688 

29 0 

0 044 

1901 

541,400,000 

23,280,200 

27 6 

0 043 

1902 

540,000,000 

22,140,000 

27 3 

0 041 

1903 

564,000,000 

23,520,000 

28 0 

0 042 

1904 

614,000,000 

26,402,000 

29 4 

0 043 

1905 

604,000,000 

28,690,000 

29 0 

0.047 

1906 

700,306,000 

39,917,442 

33 7 

0 057 

1907 

750,198,000 

397760,494 

35 0 

0 053 

1908 

621,524,000 

26,104,008 

27 .0 

0 042 

1909 

726,638,000 

31,245,434 

32 6 

0 043 

1910 

778,422,000 

34,250,568 

32 2 

0 044 

I9II 

811,726,000 

36,5277670 

33 I 

0 045 

1912 

830,790,000 

377385,550 

32 4 

0 045 

1913 

872,860,000 

38,405,840 

34 4 

0 044 

1914 

1,025,588,000 

39 , 997,932 


0.039 
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TABLE 17. LEAD IN THE UNITED STATES { Continued ) 
Normal Production and Price 
(Normals for ten-year periods) 

(1880-1914) 


Ten-year periods 

Production 

Normal produc- 

Normal price 

(inclusive). 

Pounds 

Value 

tion, pounds 

(ten-year aver- 
age). 



1880-1889 

2,690,602,000 

$119,483,500 

269,060,200 

$0 044 

1881-1890 

2,782,212,000 

122,369,200 

278,221,200 

0 044 

1882-1891 

2,905,150,000 

126,663,200 

290,515.000 

0 044 

1883-18^2 

2,986,678,000 

127,931,000 

298,667,800 

0 043 

1884-1893 

3,026,728,000 

127,447,900 

302,672,800 

0 042 

1885-1894 

3»o65,596,ooo 

126,853,200 

306,559,600 

0 041 

1886-1895 

3,146,772,000 

127,603,800 

314,677,200 

0 041 

1887-1896 

3,261,514,000 

126,003,100 

326,151,400 

0.039 

I 888- I 89 7 

1 3,394,114,000 

127,703,800 

339,411,400 

0 03S 

1889-1898 

3 »S 35 >^ 7 S,^® 

i 30 » 954 , 5 oo 

353.527.600 

0 037 

1890-1S99 

3,643,302,000 

136,105,300 

364,330,200 

0 037 

1891-1900 

3,897,690,000 

146,998,800 

359,769,000 

0 038 

1892-1901 

4,081,982,000 

154,744,800 

408,098 200 

0 038 

1893-1902 

4,274,674,000 

162,992,500 

427,467,400 

0 038 

1894-1903 

4,510,710,000 

174,572,900 

451,071,000 

0 039 

1S95-1904 

4,806,048,000 

191 ,132,600 

480,604,800 

0 040 

1896-1905 

5,060,048,000 

208,602,600 

506,004,800 

0 041 

1897-1906 

5 » 394 , 354 ,ooo 

237*992,000 

539 . 435.400 

0 044 

1898-1907 

5,720,552,000 

262,866,800 

572,055,200 

0 046 

1899-1908 

5,898,076,000 

272,320,800 

589,807,600 

0 .046 

1900-1909 

6,203,714,000 

284,621,200 

620,371,400 

0 046 

1901-1910 

6,440,488,000 

295,310,100 

644,048,800 

0 046 

1902-1911 

6,710,814,000 

308,557,600 

671,081,400 

0 046 

I 903-1 91 2 

7,001,604,000 

323,803,200 

700,160,400 

0 046 

1904-1913 

7,310,464,000 

338,689,000 

731,046,400 

0 046 

1905-1914 

7,722,052,000 

352,284,938 

772,205,200 

0 046 
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TABLE 18. ZINC IN THE UNITED STATES 

Annual Production 

(Based on smelter returns and prices at St Louis) 


(1880-1914) 


Year 

Annual production. 

Per cent world 
production. 

Average annual 
price at N. Y. 

Pounds. 

Total value 

1880 

46,478,000 

1 2,277,432 

9 I 

$0 055 

1881 

53,600,000 

2,680,000 

9 3 

0 052 

1882 

67,530,000 

3,646,620 

II I 

0 053 

1883 

73,744,000 

3»3ii>io6 

II 2 

0 045 

1884 

77,088,000 

3,422,707 

II 8 

0 044 

188s 

81,376,000 

3.539.856 

12 4 

0 043 

1886 

85,282,000 

3,752,408 

12 7 

0 044 

1887 

100,680,000 

4,782,300 

14 I 

0 046 

1888 

111,806,000 

5.500,855 

15 3 

0 049 

1889 

117,720,000 

5,791,824 

15 7 

0 05 

1890 

127,366,000 

6,266,407 

16 4 

0 055 

1891 

161,746,000 

8,033,700 

19 9 

0 05 

1892 

174,520,000 

8,027,920 

20 8 

0 046 

1893 

157,664,000 

6,306,560 

18 7 

0 04 

1894 

150,656,000 

5,288,026 

17 8 

0 035 

189s 

179,372,000 

6,278,020 

19 4 

0 036 

1896 

162,998,000 

6,SI9>920 

17 4 

0 039 

1897 

199,960,000 

8,498,300 

20 4 

0 041 

1898 

230,798,000 

10,385,910 

22 3 

0 046 

1899 

258,102,000 

14,840,865 

23 9 

0 058 

1900 

247,772,000 

10,654,196 

23 5 

0 044 

1901 

281,644,000 

11,265,760 

25 0 

0 041 

1902 

313,854,000 

14,625,596 

26 0 • 

0 048 

1903 

318,438,000 

16,717.995 

25 2 

0 054 

1904 

373,404,000 

18,670,200 

26 9 

0 051 

1905 

407,698,000 

24,054,182 

28 0 

0 059 

1906 

399,388,000 

24,362,668 

25 7 

0 061 

1907 

447,490,000 

26,401,910 

27 5 

0 059 

1908 

381,498,000 

17.930.406 

23 9 

0 047 

1909 

460,450,000 

24,864,300 

27 0 

0 054 

. 1910 

504,958,000 

27,267,732 

27 6 

0 054 

1911 

543,242,000 

30,964,794 

27 6 

0 057 

1912 

647,814,000 

44,699,166 

30.3 

0 069 

1913 

674,504,000 

37,772,224 

30.8 

0 056 

1914 

686,836,000 

35,028,636 


0 051 * 
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TABLE 18 ZINC IN THE UNITED STATES {Continued) 
Normal Production and Price 
(Normals for ten-year period) 


(1880-1914) 


Ten-vear periods 

Production 


Normal price 

(inclusive) 

Pounds 

Value 

Normal production 

(ten-year aver- 
age) 

1880-1889 

815,304,000 

S 38,705,100 

81,530,400 

$0,047 

1881-1890 

896,192,000 

42,694,100 

89,619,200 

0 048 

1882-1891 

1,004,338,000 

48,047,800 

100,433,800 

0 048 

1883-1892 

1,111,328,000 

52,428,100 

111,132,800 

0 047 

1884-1893 

1,195,248,000 

55,424,600 

119,524,800 

0 046 

1885-1894 

1,268,816,000 

57,289,900 

126,881,600 

0 045 

1886-1895 

i>366,8i2,ooo 

60,028,000 

136,681,200 

0 044 

1887-1896 

1,444,528,000 

62,795,500 

144,452,800 

0 043 

1888-1897 

I >543.808,000 

66,511,500 

154,380,800 

0 043 

1889-1898 

1,662,800,000 

71,396,500 

166,280,000 

0 043 

1890-1899 

1,803,182,000 

80,445,600 

180,318,200 

0 045 

1891-1900 

1.923,588,000 

84,833,400 

192,358,800 

0-044 

1892-1901 

2,043,486,000 

88,065,500 

204,348,600 

0 043 

1893-1902 

2,182,820,000 

94,663,200 

218,282,000 

0 043 

I 894 --I 903 

2 . 343 . 594.000 

105,084,600 

234.359.400 

0.045 

1895-1904 

2,566,342,000 

118,456,800 

256,634,200 

0 046 

1896-1905 

2,794,668,000 

136,233,000 

279,466,800 

0 049 

1897-1906 

3.031,058,000 

154,075,800 

303,105,800 

0.051 

1898-1907 

3,278,588,000 

1 71 .979.400 

327,858,800 

0 0525 

1899-1908 

3,429,288,000 

179.523.900 

342,928,800 

0.052 

1900-1909 

3,631,636,000 

189,547.300 

363,163,600 

0 052 

1901-1910 

3,888,822,000 

206,160,800 

388,882,200 

0.053 

1902-1911 

4,150,420,000 

225,859,800 

415,042,000 

0 054 

1903-1912 

4,484,380,000 

255.933.400 

448,438,000 

0 057 

1904-1913 

4,840,446,000 

276,987,600 

484,044,600 

0 057 

1905-1914 

5.153.878,000 

293.346,000 

513,387.800 

0.057 
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LEAD 1880-1914 
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CHAPTER XIV 


TABLES 

There have been prepared by the author and are here'^pre- 
sented a set of tables which are intended to meet the require- 
ments of the valuation engineer and the economist. 

Where values are not noted for every year from i to lOo, as 
is the case in some of the tables, methods are indicated whereby 
other tables can be called to aid. 

It is believed that all values have been noted with sufficient 
accuracy to meet every ordinary requirement. 

The following tables with explanations preceding each will be 
found in this chapter: 

Table 19. The probable useful life of various articles 

Table 20. Expectancy and remaining value. 

Table 21. The amount of $1 at compound interest. 

Table 22. The present value of $i due at a future date. 

Table 23. The amount of an annuity of $1. 

Table 24. The annuity which will amount to $i in a given 
time. 

Table 25. The present value of an annuity of $1. 

Table 26. The annuity which $i will purchase. 

Table 27. Amortization and depreciation. 

EXPLANATION OF TABLE 19 

The Probable Useeul Life of Various Articles oe the Character Most 
Frequently Encountered in Public Utility Valuations 

The probable life of any article does not depend merely upon 
its wearing qualities when in service, but upon a number of 
other factors as elsewhere explained. Its useful life under aver- 
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age conditions is determinable with a greater or less degree of 
approximation from a study of all available experience. 

Without entering upon a full discussion of the basic available 
data, there is here presented a table in which the probable use- 
ful term of life for many articles, appliances, machinery and 
other things likely to be connected with industrial establish- 
ments or with public utilities is noted, due credit being given, 
so far as this is practicable, for the source of information in 
each case. 

Under ordinary conditions and particularly when used in 
connection with the Unlimited Life Method of procedure, the 
life terms here presented may be accepted as covering failure 
from any cause such as physical deterioration, destruction by 
accident, inadequacy and obsolescence. 

It is to be noted that in some of the sources from which 
information presented in this table was drawn, the depreciation 
was expressed in percentage by the Straight Line Method. 
This percentage has been translated into years of probable life. 

Summary of Authorities Quoted in Table 19 and Reference to Publication 

Alvord. John W, Alvord in Proceedings American Water Works 

Association, 1903. 

Arbitrators. Board of Arbitration in street lighting controversy at 

Atlanta, Georgia, 1899. 

Arnold. Bion J Arnold. Coney Island and Brookl3m figures 

adopted by Public Service Commission of New York. 
Four Chicago appraisals quoted by H. A. Foster. 
Bryan. Wm. H. Bryan. '^The Appraisal and Depreciation of 

Water Works.” Journal of Association of Engineer- 
ing Societies, Dec., 1907. 

Burdick. Chas. B. Burdick. Appraisal of Mt. Vernon Water Works, 

Illinois, 1906. 

Cal. R. R. Com. California Railroad Commission — Reports 1913-4. 

Calistoga Electric Co. vs. Napa Valley Electric Co , May, 
1914. 

Cuyamaca Water Co. Case, March, 1913. 

San Jose Water Co. Case, May, 1914. 

Stockton Terminal & Eastern R. R , April, 1913. 

Chi. Tele. Com. Chicago Telephone Commission. Published 1908. 

Chi. Trac. Com. Chicago Traction Commission. Quoted by G. W. Cravens, 
Electrical Review, April 23, 1910. 
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Chi. U. T. Co. 
Connette. 

Cooley. 

Dodge. 

Floy. 

Foster. 

Gillette. 

Hammond. 

Kiersted. 

Metcalf. 

Mil. E. R. & L. Co. 
P G. & E. Co. 

Parsons. * 

Preece. 

Rosecrans. 

S J. L. & P. Corp. 

Starrett. 

St. Louis P S C. 
Stone & Webster. 
Telephone “Data.’^ 
Trac. Val. Com. 
Wilgus 
Williams. 


Chicago Union Traction Co. Quoted in Report Wisconsin 
R R Commission, Vol. lo, p. 220. 

E. G. Connette. 3rd Ave Case figures adopted by Public 
Service Commission of New York 

Mortimer E. Cooley. Milwaukee Fare Case. Report 
Wisconsin R. R. Com , Vol. 10, p 226. 

B. L. Dodge. Mt. Vernon Water Works Appraisal, Illinois, 
1906. 

Trans. American Institute of Electrical Engineers, June, 
1911. Third Avenue Case figures adopted by Public 
Service Commission of New York. 

H. A .Foster “Engineering Valuation of Public Utilities 
and Factories,” Van Nostrand, 1912. 

H. P. Gillette. Appraisal of Great Northern & Northern 
Pacific R R.^s in Washington Direction of Wash- 
ington Railroad Commission, 1906. 

Robt. Hammond Journal of Institute of Electrical En- 
gineers, England, April 25, 1907. 

W Kiersted Galena Appraisal, Kansas, 1905 

Leonard Metcalf. Transactions American Society of Civil 
Engineers, 1909 

Milwaukee Electnc Railway and Lighting Co., in the 
Milwaukee 35^ Fare Case, Aug., 1912 

Pacific Gas & Electric Company Figures used in rate 
heanngs before Master in Chancery, San Francisco, 
1913-4. 

T. C. Parsons. Discussion of Mr Hammond’s paper, 
Journal Institute Electric Engineers, England, April 25, 
1907 

Sir Wm. Preece. Report of Bristol Corporation, England, 
1906 

W H Rosecrans. Galena Appraisals, Kansas, 1905. 

San Joaquin Light & Power Corporation. Rate hearing 
before California Railroad Commission, 1915. 

Milton G. Starrett. Milwaukee Fare Case. Report 
Wisconsin R R. Commission, Vol. 10, p. 226. 

St Louis Public Service Commission. Case of Union Elec- 
tric Light & Power Co 

Figures for Chicago Union Traction Co. Case. Report 
Wisconsin Railroad Commission, Vol. 10, p. 220. 

Compiled from practice AT&T. Co., Wisconsin R, R. 
Commisison and others Quoted by H. A. Foster. 

Traction Valuation Commission. Case of the Chicago 
Consolidated Traction Co. 

W. G. Wilgus. Appraisal of Lehigh VaUey Railroad, 
January, 1914, 

Benezette Williams. Galena Appraisal, Kansas, 1905. 
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Wis. R. R. Com. Wisconsin Railroad Commission. Quoted by Floy and by 
Foster and in published reports. 

Madison Electric Railway & Light Co. Case, March 8, 
1910. 

Milwaukee Electric Railway & Lighting Co, Case, Nov. 

25, 1913- 

Milwaukee 3?! Fare Case. Aug. 23, 1912. 

Wisconsin Telephone Co, Case, Aug, 3, 1909, 
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TABLE 19 . THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES 


Descnption. 

Expect- 

ancy 

Residual 

value. 

Authority 

Remarks. 


Years 




Accumulators 

IS 


Hammond 

Jour Inst Elec Engrs. 


IS 


Parsons 

Jour Inst Elec Engrs 


15 

10% 

Preece 

Report Bristol Corp , 1906. 

Atr brakes 

20 


Wis R R Com 

Quoted by Henry Floy 

Air compressors 

20 

5 % 

P G & E Co 

S F rate hearing, 1913-14. 


20-25 


Trac Val Com 

Chi Con Trac Co Case 

Arc lamps 

6| 


Arbitrators 

Ata St Lgt Contrvsy, 1899. 


12 

5 % 

Preece 

Report Bristol Corp , 1906. 


I2| 


St Louis P S C 

Union E L & P Co Case. 


IS 


Wis R R. Com 

Quoted by Henry Floy 


15 


P. G. & E. Co 

S. P rate hearings, 1913-14. 

Arc lamp Posts 

40 

5 % 

Preece 

Report Bristol Corp , 1906 

Ammonia concentrators and 





tanks 

15 


Wis R R Com 

Quoted by H A. Foster. 

Belting , 

8 


P G & E. Co 

S F. rate heanngs, 1913-14. 


20 


Wis R R Com 

Quoted by Henry Floy. 


10-20 


Wis. R R Com 

Mil Sff Fare Case 

with shafting and ropes 

IS 


Chi U. T. Co 

Chi Con Trac Co Case. 

With shafting and ropes 

20 


Stone & Webs j 

Chi Con Trac Co Case. 

(leather) 

20-25 


Foster i 

“ Eng Valuation,” etc. 

Benches (gas plant) 

25 


Wis R R Com 

Quoted by H. A Foster. 

Blowers (gas plant) 

IS 


Wis R R Com 

Quoted by H A Foster. 


20 


P G & E Co 

S F rate hearings, 1913-14. 

Boilers . . 

10 


Arnold 

Coney Isl. & Brooklyn Case. 


IS 


Chi. U T. Co 

Chi Umon Trac Co Case. 


IS 


Alvord 

Aver 32-Proc. A W W A. 


IS 


St Louis P S C 

Union Elec L. & P Co Case 


12-16 


Metcalf 

Trans Am S C E , 1909 


16 7 


Dodge 

Mt Vernon W W 111 , 1906. 


15-20 


Wis R R Com 

Milwaukee 3?! Fare Case. 


20 


Stone & Webs 

Chi U nion Trac Co Case 


20 

0% 

P G. & E Co. 

S F rate heanngs, 1913-14. 


20 


Hammond 

Jour Inst. Elec Engrs , 1907. 


10-28 


Chi Trac Com 

Chicago Trac Com , 1908 


25 


Williams 

Galena Appraisal, Kan , 1905. 


25 


Burdick 

Mt Vernon W. W 111 , 1906. 


28 57 


Arnold 

4 Chicago Appraisals. 


25-30 


Trac VaJ. Com. 

Chicago Con Trac Co Case. 


30 


Kiersted 

Galena Appraisal, Kan , 1905. 


25-40 


Rosecrans 

Galena Appraisal, Kan., 1905. 

water-tube . . . 

20 


Floy 

3rd Ave Case, N. Y. 

water-tube 

20 


Wis. R R. Com 

Quoted by Henry Floy. 

water-tube 

25 

5 % 

Preece 

Report Bnstol Corp , 1906. 

water-tube . 

20-30 


Poster 

“ Eng Valuation,” etc. 

fire-tube . 

10 ' 


Arbitrators 

Ata St Lgt Contrvsy, 1899. 

fire-tube . 

lo-is 


Foster 

“ Eng Valuation,” etc. 

fire-tube electnc light 

16-30 


Wis R R Com. 

. Quoted by Henry Floy, 

fire-tube water works 

20-25 


Wis R R. Com 

Quoted by Henry Floy. 

-Lancashire 

22 

3 % 

Preece 

Report Bnstol Corp., 1906. 

boilers and accessones. 

20 


S J L & P. Cor. 

. Cal R. R. C. rate heanngs. 
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TABLE 19 THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued) 


Description ^ 

Expect- ] 
ancy. 

Residual 

value 

Authonty. 

Remarks. 


Years 




Boilers (continued) 





steel breechings 

10 


Arnold 

4 Chicago Appraisals 

breechings and connections 

10-30 


Trac. Val Com 

Chi Con. Trac Co Case 

Bonds 

20 


Trac Val Com 

Chi Con Trac Co Case 


20 


Wis. R R Com 

Quoted by Henry Floy 

Bridges 





Howe truss R R 

10 


Gillette 

Gt Nor & Nor Pac apprais. 

trestles and wooden bridges 

10 


Cal R R Com 

Stockton Term & East Case 

Buildings 

25-50 


Wis R R Com 

Quoted by Henry Floy 


SO 


St Louis P S C 

Union Elec L & p Case 


50 


Connette 

3rd Ave Case, N. Y City. 

railroad station 

10 


Cal R R Com 

Stockton Term &EastR R. 





Case. 

railroad 

33J 


Gillette 

Gt Nor & N Pac Appraisal. 

street railway 

50 


Cooley 

Milwaukee Fare Case 

street railway 

SO 


Starrett 

Milwaukee si Fare Case. 

street railway 

SO 


Stone & Webs. 

Chi. Union Trac Co Case. 

street railway 

SO 


Chi U. T Co 

Chi. Union Trac Co Case. 

street railway 

i 35-75 


Wis. R R Com 

Milwaukee si Fare Case 

street railway power plants 

20 


Chi U T Co 

Chi U nion Trac. Co. Case. 

street railway power plants 

25 


Cooley 

Milwaukee si Fare Case. 

street railway power plants 

SO 


Stone & Webs 

Chi Union Trac Co Case. 

street railway power plants 

60 


Wis R. R Com 

Milwaukee si Fare Case 

sub-station 

SO 

0% 

Preece 

Report Bnstol Corp , 1906 

sub-station 

SO 

1% 

Cal R R. Com 

Calistoga E Co vs Napa 





Val E Co 

wooden, wood frame 

20 


P G & E Co 

S F rate hearings, 1913-14. 

wooden 

25 


Rosecrans 

Galena Appraisal, Kan , 1905. 

wooden frame . . 

50 


Arbitrators 

Ata St. Lgt Contrvsy, 1899. 

frame dwellings . 

35 


Wis R R Com 

Quoted by H A Foster. 

frame stables and sheds 

20-25 


Wis R. R Com 

Quoted by H. A Foster. 

corrugated iron 

20 


P G & E Co 

Wooden frame and floor. 

corrugated iron 

25 


P G & E. Co 

Wooden frame, cone floor. 

corrugated iron 

30 


P G & E Co 

Steel frame, wood floor 

corrugated iron 

36 


P G & E Co 

Steel frame, cone floor 

bnck 

14 


Rosecrans 

Galena Appraisal, Kan , 1905. 

brick 

30 


Williams 

Galena Appraisal, Kan , 1905. 

brick 

30 


Ehersted 

Galena Appraisal, Kan , 1905. 

bnck 

30 


Dodge 

Mt Vernon W W , 111 , igod. 

brick 

30 


P G. &E Co 

Corr roof, steel roof, frame, 





cone floor. 

brick 

30 


P G & E Co 

Wood r , wood r-f., wood f. 

brick . 

36 


P. G & E Co 

Slate r., wood r-f , and floor. 

bnck 

40 


P G & E Co. 

Corn r , steel r-f , cone, f 

bnck 

SO 


P G & E Co 

Slate r , steel r-f , cone, f 

bnck 

SO 


P G & E. Co 

Rein cone, r , steel r-f ,conc f. 

bnck 

35 


Burdick 

Mt Vernon W W , 111 , 1906. 

brick 

60 


Hammond 

Jour. Inst- E. E , 1907. 

bnck 

mi 


Trac Val Com 

Chi. Union Trac Co Case. 

brick 

80 

0% 

Preece 

Report Bristol Corp , 1906. 
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TABLE 19. THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued) 


Description. 

Expect- 

ancy. 

Residual 

value 

Authonty. 

Remarks. 


Years 




Buildings (continued) 





brick gas retort 

30 


Wis R R Com. 

Quoted by H. A Foster. 

ist class stone and brick 

75 


Wis R R Com 

Quoted by H. A Foster. 

2nd class shops, etc. 

SO 


Wis R R Com 

Quoted by H A Foster. 

fireproof 

40 

0% 

Chi Tel Com 

Chicago Tel Com , 1908. 

reinforced concrete 

SO 


P G & E Co. 

Steel r-f , cone r , and floor. 

foundations 

100 

0% 

Preece 

Report Bristol Corp , 1906 

Cables 





mains 

30 

15% 

Parsons 

Jour. Inst. E- E , 1907 

mains 

1 20 


Chi Tel. Com. 

Chicago Telephone Com. 

armored mains 

25 


Hammond 

Jour. Inst E. E , 1907. 

solid mains 

30 


Hammond 

Jour. Inst. E. E , 1907 

armored 

35 

15 % 

Preece 

Report Bristol Corp , 1906 

cables and feeders 

20 


Mil E R & L. 

Milwaukee 3^ Fare Case 

cables and feeders 

15-25 


Wis R. R Com 

Milwaukee zi Fare Case. 

main lead-covered 

20 

26% 

P G & E Co. 

S F. rate hearings, 1913-14. 

subsidiary cables. 

15 

40% 

Chi Tel. Com. 

Chicago Telephone Com 

aenal 

IS 


Chi. Tel Com. 

Chicago Telephone Com 

aenal lines 

20 


St L P S. C 

Union Elec. L & P Case. 

aerial exchange 

12-15 

30% 

Tel “ Data ” 

Quoted by H A Poster. 

aerial lead-covered 

lo-is 


Foster 

** Eng Valuation," etc. 

aerial lead-covered 

15 


Wis R. R Com 

Wisconsin Tel Co Case 

aerial terminals 

12 

0% 

Chi Tel Com 

Chicago Telephone Com. 

aenal terminals 

10-12 


Tel Data ” 

Quoted by H A. Foster 

underground lead covered 

20 


St L P. S C 

Union Elec L & P Co Case. 

underground lead covered 

25 


Wis, R R Com 

Quoted by Floy. 

underground lead covered 

20 


Wis R. R. Com 

Quoted by H A Foster 

underg'd main exchange 

20-25 

40% 

Tel. “ Data" 

Quoted by H A Foster 

underground sub-exchange 

13-20 

40% 

Tel "Data” 

Quoted by H A Poster 

toll 

30 

40% 

Tel, “ Data " 

Quoted by H A Foster 

submarine 

10 


Tel " Data " 

Quoted by H. A. Foster. 

Coal and ask machinery . 

10 


Wis R. R Com 

Quoted by Henry Ploy. 


10 


Mil E R & L. 

Milwaukee Fare Case. 


14 


Trac Val Com. : 

Chicago Con Trac Co Case. 


14 2 


Arnold 

4 Chicago Appraisals 


15 


Wis. R. R Com 

Milwaukee zi Fare Case. 


15 


Chi. U T Co. 

Chi Union Trac Co Case. 


20 


Stone & Webs. 

Chi Union Trac Co Case. 


20 


Henry Floy 

3rd Ave. Case, N. Y. City. 

Compressors (air) 

20 

5 % 

P. G & E. Co 

S F rate heanngs, 1913-14. 


20-25 


Trac Val. Com 

Chi, Con. Trac. Co. Case. 

Compressor station 





natural gas. ... 

10 

50 % 

Cal- R R Com 

Midway Gas Co , et al. 

Condensers 

10 


Arbitrators 

Ata. St. Lgt Controversy. 


15 


St L. P. S. C. 

Union E. L. & P. Co. Case. 


20 


Wis. R. R. Com. 

Quoted by Henry Floy. 


20 


Ploy 

3rd Ave. Case, N, Y. City. 


20 


Arnold 

Coney Isl & Brooklyn Case. 


20 

0% 

P G & E. Co. 

S. F rate heanngs, 1913-14. 


2S 


S J L & P. (Co. 

Cal. R. R. Com. rate hear’gs. 
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TABLE 19 - THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued) 


Description 

Expect- 

ancy 

Residual 

value. 

Authority. 

Remarks. 


Years 




Condensers (continued) 





old equipment 

20 


S. J L & P Co 

Cal R. R Com. rate hear’gs. 


25 


Trac Val Com 

Chi TJmon Trac Co Case. 

Condmts 

50 


Wis R R. Com 

Milwaukee 3^ Pare Case. 


SO 


St L P S C 

Union Elec. L & P Co , Case 


100 


Floy 

3rd Ave. Case N Y City. 

mains 

30 

is% 

Parsons 

Jour Inst. E E , 1907. 

ducts 

30 


Hammond 

Jour Inst E E , 1907. 

“ solid ” system 

30 


Hammond 

Jour. Inst E E., 1907. 

“ ducts ” system 

30 


Hammond 

Jour Inst E E , 1907. 

“ solid " sys in wood 

40 

12% 

Preece 

Report Bnstol Corp., 1906. 

clay in concrete 

50 

0% 

Chi Tel Com. 

Chicago Telephone Com. 

fibre in concrete 

20 

0% 

Chi Tel Com 

Chicago Telephone Com. 

subsidiary 

20 

0% 

Chi. Tel Com 

Chicago Telephone Com. 

main-vitnfied clay 

50 

0% 

Tel " Data ” 

Quoted by H. A Foster. 

mam-concrete 

55 

o"^ 

Tel “ Data ” 

Quoted by H. A Foster. 

main-fibre 

20 

0% 

Tcl Data ” 

Quoted by H. A Foster. 

mam- iron 

20 

0% 

Tel “ Data ” 

Quoted by H, A Foster. 

mam-creosoted wood 

20 

0% 

Tel “ Data ” 

Quoted by H. A Foster. 

subsidiary 

IS 

0% 

Tel “ Data ” 

Quoted by H A Foster. 

vitrified tile 

SO 


P G & E Co 

S P rate hearings, 1913-14 

vitrified tile and fibre 

40 


P G & E Co 

S F rate hearings, 1913-14. 

fibre duct 

30 


P G & E Co 

S P rate hearings, 1913-14. 

wrought iron pipe 

20 


P G.«&E Co 

S P rate hearings, 1913-14. 

Edison tube and fittings 

20 

IS% 

P G & E Co 

S P rate hearings, 1913-14. 

paper conduit 

25 


P G & E Co. 

S P rate hearings, 1913-14. 

wood conduit 

25 


P G & E Co 

S F. rate hearings, 1913-14. 

w. 1. lateral pipes 

15 


P G & E Co 

S P rate hearings, 1913-14. 

conduit under tracks 

40 


P G & E Co 

S F rate hearings, 1913-14. 

manholes and paving 

40 


P G & E Co 

S F rate hearings, 1913-14. 

service holes and paving 
Converters 

40 


P G &E Co 

S P rate hearings, 1913-14. 

static transformers 

IS 


Hammond 

Jour Inst E E , 1907. 

rotary , 

20 


Hammond 

Jour. Inst E. E , 1907. 

Conveyors , 

10 


Hammond 

Jour Inst. E E., 1907. 

Cranes 

IS 


Chi U T. Co 

Chi Union Trac Co. Case. 


20 


Stone & Webs 

Chi. Union Trac Co Case 


SO 


Wis R R Com 

Milwaukee 3^ Fare Case. 


50 


Arnold 

4 Chicago Appraisals. 

wooden , . . . , 

IS 


P G & E. Co 

S. P. rate hearings, 1913-14. 

steel 

same 





as bldg 


P. G. & E Co 

S P. rate hearings, I9I3--I4 

Culverts 





cast iron . . 

16 


Cal R R Com. 

Stockton I'erm & East Case. 

log and timber 



Gillette 

Gt Nor & N. P. R. R. Ap- 





praisal. 

Dams 





earth 

ICO 


Cal R R Com 

Cuyumaca Water Co. Case. 

earth and loose rock 

so 


S J L. & P, Co 

Cal R. R Com rate hear'gs. 

concrete 

SO 


S J L. & P. Co 

Cal R R Com rate hear’gs. 

concrete diverting . . . 

too 


Cal. R. R. Com. 

Cuyumaca Water Co. Case. 
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TABLE 19 THE PROBABLE USEFUL LIFE OP VARIOUS 
ARTICLES {Continued) 


Description 

Expect- 

ancy 

Residual 

value 

Authority. 

Remarks. 


Years 




DtsinbuUon system 





street railway 

12} 


Cooley 

Milwaukee sji Fare Case. 

street railway 

14 


Starrett 

Milwaukee 3^ Fare Case. 

distnb and trans 

30 03 


Wis R. R Com 

Milwaukee 3ji Fare Case. 

Ditches 

SO 


S. J. L & P Co 

Cal R R Com rate hearing. 

concrete lining 

20 


S J L & P. Co 

Cal R R Com rate hearing. 

Economizers 

10-20 


Floy 

4 Chicago Appraisals 


15 


Chi U T Co 

Chi Union Trac Co. Case. 


20 


Stone & Webs 

Chi. Union Trac. Co Case. 

Electrical machinery 





dynamos and alternators 

25 


Hammond 

Jour Inst Elec E , 1907 

dynamos and alternators 

30 

8% 

Preece 

Report Bnstol Corp , 1906 

generators 

10 


Arbitrators 

Ata St Lgt Controversy. 

generators 

15 


St L P S C 

Union Elec L &P. Co Case. 

generators 

IS 


Chi U T Co 

Chi Union Trac Co Case 

generators 

20 


Stone & Webs 

Chi Union Trac Co Case 

generators 

15-20 


Wis R R Com 

Milwaukee 3fi Fare Case 

generators 

20 

2{ilb 

P G & E Co 

S F. rate hearings, 1913-14. 

generators 

20 


Arnold 

Coney Isl & Brooklyn Case 

generators 

20 


Floy 

3rd Ave Case, N Y City 

generators 

20 


S J L &P Cor 

Cal R R Com rate hearing. 

generators 

13-33 


Trac Val Com 

Chicago Con Trac Co Case 

generators, modern types 

20 


Wis R R Com 

Quoted by Henry Floy 

generators, obsolete types 

15 


is R R Com 

Quoted by Henry Floy 

generators belted 

10-20 


Chi Trac Com 

Quoted by G W Cravens 

generators direct conn 

20 


Chi Trac Com 

Quoted by G W Cravens 

generators, telephone plant 

20 

20% 

Wis R R Com 

Wisconsin Tel Co Case 

motors 

10 


Arbitrators 

Ata St. Lgt Controversy 

motors 

20 


Hammond 

Jour Inst Elec Eng , 1907. 

motors 

25 

9 % 

Preece 

Report Bristol Corp , 1906 

motors 

25 

9 % 

Parsons 

Jour. Inst Elec Eng , 1907. 

motors 

20 

lb 

P G & E Co 

S F. rate hearings, 1913-14 

motors, modern types 

20 


Foster 

“Eng Valuation,” etc. 

motors, obsolete 

IS 


Foster 

“ Eng Valuation,” etc 

motors, street railway 

20 


Floy 

3rd Ave Case, N Y City. 

motors, street railway 

20 


Wis R R. Com 

Quoted by Henry Floy. 

motors, street railway 

30 


Trac Val Com 

Chi Con Trac Co Case 

motors, small, misc 

20 


P G. &E Co. 

S F rate hearings, 1913-14. 

Engines 

IS 


St L. P. S, C 

Union Elec L &:P Co Case. 


20 


Arbitrators 

Ata St Lgt Controversy. 


25 


Hammond 

Jour Inst E E , 1907. 

engines and machinery 

25 

6% 

Preece 

Report Bristol Corp , 1906. 


IO-33I 


Chi Trac Com 

Quoted by G. W Cravens. 


13-20 


Arnold 

Coney Isl & Brooklyn Case 


20-33J 


Arnold 

4 Chicago Appraisals. 


15-20 


Wis R R Com 

Milwaukee 3fi Fare Case. 


20-33 


Trac Val Com. 

Chicago Con Trac Co. Case. 

machinery . 

27 

6% 

Parsons 

Jour. Inst Elec. E., 1907. 

steam . . 

IS 


Chi. U. T. Co. 

Chi Union Trac Co. Case. 

steam . . , , 

20 


Stone & Webs 

Chi. Union Trac Co Case. 
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TABLE 19. THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued) 


Description 

1 

Expect- 

ancy 

Residual 

value. 

Authority. 

i 

Remarks. 


Years 




Engines (continued) 





steam 

20 


Mil E R. &L 

Milwaukee 3^ Pare Case. 

steam 

20 

5 % 


P G & E Co. 

S. F rate hearings, 1913-14. 

steam 

20 


Ploy 

3rd Ave Case, N Y City. 

steam 

20 


S J L & P Cor 

Cal R R Com rate hearing. 

steam 

IS- 2 S 


Metcalf 

Trans Am. Soc. C E , 1909. 

steam, slow speed 

20 


Wis R R Com 

Quoted by Henry Floy. 

Corliss slow speed 

25-30 


Foster 

“ Eng. Valuation,” etc. 

steam high speed 

iS-20 


Foster 

“Eng Valuation,” etc. 

steam, high speed 

15 


Wis R R Com 

Quoted by Henr^ Floy. 

gas 

10-15 


Foster 

“ Eng. Valuation,” etc. 

gas 

IS 


Wis R R, Com 

Quoted by Henry Floy. 

steam turbines 

20 


Stone & Webs 

Chi Union Trac Co Case. 

steam turbines . 

20 


Mil E R & L 

Milwaukee 3^ Fare Case 

steam turbines . 

15 


St L P S C 

Union Elec L & P Co Case. 

steam turbines 

20 


Wis R. R Com 

Quoted by Henry Ploy. 

steam turbines 

20 


Hammond 

Jour Inst E E , 1907 

steam turbines . 

30 

Ulh 


P. G & E Co 

S F rate hearings, 1913-14 

Exhausters 





gas plant 

25 

iMb 


Wis R R. Com 

Quoted by H A. Foster. 

Fences 





wooden 

12 


P G & E Co 

S F rate hearings, 1913-14, 

wire mesh 

12 


P G.&E Co 

S F rate hearings, 1913-14. 

railroad . 

14 3 


Gillette 

Gt Nor & N P Appraisal 

railroad 

IS 


Cal. R. R. Com 

Stockton Term, & East Case. 

Filter beds 





water filters 

15-20 


Bryan 

“ Appraisal of water- works *’ 

water works 

30-50 


Foster 

" Eng Valuation,” etc. 

Flumes 





wooden 

30 


Cal R R Com 

Cuyumaca Water Co Case. 

steel 

25 


S J L.&P.Cor 

Cal. R. R Com. rate hearing. 

concrete . . 

SO 


S J L & P Cor 

Cal R. R Com. rate hearing. 

Foundations 

Same 

as life] 


Trac. Val Com 

Chi Con Trac Co. Case. 


of article sup- 


Floy 

3rd Ave Case, N. Y. City. 


ported J 




Fire i>rotecHon apparatus . . 

12 


P. G. & E. Co 

S. F rate hearings, 1913-14, 

Fuel oil handling apparatus 

25 


Trac. Val Com. 

Chicago Con Trac Co. 

Fire hydrants . 

40 


Williams 

Galena Appraisal, Kan., 1905. 


40-50 


Metcalf 

Trans. Am. Soc. C. E , 1909. 

Furniture and fixtures . 

12^ 


Cooley 

Milwaukee si Fare Case. 


20 


Starrett 

Milwaukee sp Fare Case. 


20 


Mil. E R. & L. 

Milwaukee 3^ Fare Case. 


20 


Wis. R. R. Com 

Milwaukee 3^ Fare Case. 

Gates and valves 





waterworks . . ..... 

40 


Williams 

Galena Appraisal, Kan., 1905. 

waterworks. 

40-50 


Metcalf 

Trans. Am. Soc. C, E , 1909. 

Gas holders . 

SO 


Wis. R. R. Com 

Quoted by H. A. Foster. 

Governors 





gas plant i 

SO 


Wis. R. R. Com. 

Quoted by H. A, Foster. 

consumers * 

25 


Wis. R. R. Com 

Quoted by H. A Foster. 
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TABLE 19. THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued) 


Description 

Expect- 

ancy 

Residual 

value 

Authority. 

Remarks. 


Years 




Head gates 





on ditches 

30 


S J L & P Cor 

Cal R R. Com rate hearing 

Heaters (feed water) 

15 


C U T Co 

Chi Union Trac Co Case 


20 


Stone & Webs 

Chi Union Trac Co Case 


20 


P G & E Co 

S F rate hearings, 1913-14 


16-25 


Trac Val Com 

Chicago Con Trac Co Case. 


iS-30 


Wis R R Com 

Milwaukee 3j5 Fare Case 


30 


Wis R R Com 

Quoted by Henry Floy. 


33 ^ 


Arnold 

4 Chicago Appraisals. 

Lamps 





arc 

6" 


Arbitrators 

Ata St Lgt Controversy 

arc 

12 

5 % 

Preece 

Report Bristol Corp , 1906 

arc 

12 \ 


St L P. S C. 

Union Elec L & P Co Case. 

arc 

IS 


P G & E Co 

S F rate hearings, 1913-14. 

arc 

IS 


Wis R R Com 

Quoted by Henry Floy. 

Nernst 

8-10 


Foster 

“ Eng Valuation,” etc 

arc lamp posts 

Lighting systems 

40 

5 % 

Preece 

Report Bristol Corp , 1906. 

incandescent street 

IS 


P G & E Co 

S P rate hearings, 1913-14 

arc (commercial & mun ) 

IS 


P G & E Co. 

S F rate hearings, 1913-14 

municipal street 

20 

5 % 

Cal R R Com 

Calls. E C Napa Val E C 

Lighting protection 

10 


P G & E Co 

S F rate hearings, 1913-14 


IS 


S J L &P Cor. 

Cal R R. Com rate hearing. 


TS-20 


Foster ' 

“ Eng Valuation,” etc 


10-12 


Foster 

” Eng Valuation,” etc. 

Machinery 

27 

6% 

Parsons 

Jour Inst Elec E , 1907. 

engines and machinery 
Meters 

25 

6% 

Preece 

Report Bristol Corp , 1906 

electric 

10 


Hammond 

Jour. Inst. Elec E , 1907. 

electric 

12 

2% 

Preece 

Report Bristol Corp , 1906 

electric 

12 

5 % 

Parsons 

Jour Inst. Elec E , 1907. 

electric 

12 s 


St L. P S C 

Union Elec L & P. Co Case, 

electric 

IS 


P G & E Co 

S F rate hearings, 1913-14 

electric 

23 6 

10% 

Cal R R Com 

Cabs E C vs Napa Val E C 

electric-switchboard 

20 


Wis R. R Com 

Quoted by Henry Floy. 

electric service 

IS 


Wis R. R Com 

Quoted by Henry Floyl 

gas-station (drums) . 

20 


Wis R R. Com 

Quoted by H A. Foster. 

gas-station (cases) 

50 


Wis R R Com 

Quoted by H A Foster 

gas-consumers 

2 S 


Wis R R Com 

Quoted by H A Foster 

water 

20 


Whlliams 

Galena Appraisal, Kan., 1905. 

water. . . . . 

20-30 


Metcalf 

Trans. Am Soc C E., 1909. 

water 

50 


Cal R. R. Com 

Cuyumaca W Co Case. 

Having 

10 


Mil. E R. & L. 

Milwaukee zi Fare Case. 


10 


Cooley 

Milwaukee si Fare Case. 


12 S 


Starrett 

Milwaukee si Fare Case 


10-12 5 


Wis, R. R. Com 

Milwaukee s^ Case. 


10-26 


Stone & Webs. 

Chi Union Trac. Co. Case. 


10-25 


Chi. U. T Co. 

Chi. Union Trac Co Case. 

asphalt 

10 


Chi. U T Co 

Chi Union Trac Co Case 

asphalt . . . 

10 


Stone & Webs 

Chi. Union Trac Co Case 
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TABLE 19. THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued) 


Description. 

Expect- 

ancy. 

Residual 

value. 

Authority 

Remarks 

Paving (continued) " 
asphalt 

Years 

12 


Wis R R Com 

Milwaukee E. R & L Case. 

brick . 

12 


Wis R R Com 

Milwaukee E R & L Case. 

cobble 

25 


Chi U T Co 

Chi Union Trac Co Case. 

cobble 

26 


Stone & Webs 

Chi, Union Trac. Co. Case. 

creosoted blocks 

12 


Wis, R R Com 

Milwaukee E R. & L Case. 

granite 

16 


Chi U T Co 

Chi Union Trac. Co Case. 

granite 

16 


Stone & Webs 

Chi Union Trac. Co Case. 

granite 

21 


Wis R. R Com. 

Mil El Ry & Lt. Co Case. 

Pipe 

water pipe 
cast iron 

75 


Kiersted 

Galena Appraisal, Kan , 1905 

cast iron 

80 


Williams 

Galena Appraisal, Kan , 1905. 

cast iron 

TOO 


Burdick 

Mt Vernon W W , 111 , 1906. 

cast iron 

TOO 


Dodge 

Mt Vernon W W , 111 , 1906 

cast iron 

100 


Alvord 

Proc Am W. W. Assoc., 1903. 

cast iron mams 

SO- 75 


Metcalf 

Trans Am Soc C E , 1909. 

cast iron mams 

100 


Cal. R R Com 

San Jose Water Co Case, 1914 . 

cast iron, small size 

20-40 


Metcalf 

Trans. Am Soc C E , 1909. 

wrought iron 

20 


Kiersted 

Galena Appraisal, Kan , 1905. 

wrought iron 

20 


Dodge 

Mt Vernon W. W., Ill , 1906. 

wrought iron underground 

30 


Williams 

Galena Appraisal, Kan., 1905. 

wrought iron services 

15-30 


Metcalf 

Trans Am Soc C E., 1909. 

galv. wrought iron 1 ncl fit’s 

30-S0 


Foster 

“ Eng. Valuation,” etc 

black w iron and services 

25-35 


Poster 

"Eng. Valuation,” etc. 

steel pipe 

25-50 


Metcalf 

Trans. Am Soc. C E , 1909. 

services 

20 


Dodge 

Mt Vernon W W , 111., 1906. 

wood-stave 

20-30 


Metcalf 

Trans. Am Soc. C. E., 1909. 

wood-stave 

30 


S J. L & P. Cor 

Cal R R Com. rate heanng- 

distnbutmg system 

16 5 


Cal R R Com 

Cuyumaca Water Co Case. 

power-plant pen stocks 

30 


S J L. & P. Cor 

Cal R R. Com. rate hearing. 

gas pipe 

w. i & steel under 3'' diam 

20 


Wis R R. Com 

Quoted by H. A- Foster. 

w. iron & steel 3" and over 

30 


Wis R. R. Com 

Quoted by H. A, Foster. 

c iron mams 3" & 4" diam 

SO 


Wis R R. Com 

Quoted by H. A. Foster. 

cast iron mams over 6" 

75 


Wis. R R Com 

Quoted by H. A. Foster, 

services . 

20 


Wis R R Com 

Quoted by H. A. Foster. 

miscellaneous 

pipe and covering . . 

IS 


Chi U.T. Co. 

Chi Union Trac Co Case. 

pipe and covenng 

17 


Arnold 

Coney Isl & Brooklyn Case. 

pipe and covenng 

20 


Stone 8c Webs 

Chi Union Trac. Co Case. 

pipe and covenng 

20 


Wis. R. R Com. 

Milwaukee Fare Case. 

pipe and covering 

20 


Floy 

3rd Ave Case, N. Y. City. 

pipe and covering 

28 S 


Arnold 

4 Chicago Appraisals. 

pipe and covering 

22-25 


Trac Val Com. 

Chicago Con. Trac. Co. Case. 

power stations 

20 


P G & E Co. 

S. F. rate hearings, 1913-14. 

Poles 

10 

0% 

Chi Tel Com, 

Chicago Telephone Cora 

wooden . . 

10 


Arbitrators 

Ata St Lgt Controversy. 

wooden 

I3l 


Mil. E R & L. 

Milwaukee 3j4 Fare Case. 

wooden in earth 

12-18 


Wis. R R. Com 

Quoted by Henry Ploy. 
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TABLE 19. THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES [Continues) 


Descnption. 

Expect- 

ancy 

Residual 

value. 

Authority. 

Remarks. 


Years 




Poles 





wooden in concrete 

20 


Wis. R. R Com 

Quoted by Henry Floy 

cedar 

10 

1^7^ ft 

P G.&E.Co. 

S F rate hearing 1913-14. 

cedar with cross arms 

12 

0% 

Wis R. R. Com 

Wisconsin Tel Co. Case. 

cedar under 35' long 

lo-is 

0% 

Tel “Data” 

Quoted by H A Foster. 

cedar 35' long and over 

iS-20 

0% 

Tel “ Data ” 

Quoted by H A Foster. 

cedar m earth 

10-18 


Foster 

“Eng Valuation,” etc. 

cedar m concrete 

12-20 


Foster 

“ Eng. Valuation,” etc. 

chestnut under 35' long 

8-12 


Tel “ Data ” 

Quoted by H. A Foster. 

cnestnut 35' and over 

I2-IS 


Tel “ Data ” 

Quoted by H A Foster. 

pme-creosoted 

20 


Tel. “ Data ” 

Quoted by H. A Foster. 

redwood 

16 

6^25i ft 

P G & E. Co. 

S F. rate hearing, 1913-14. 

telephone 

I2-IS 


Wis. R. R Com 

Quoted by H A Foster. 

telephone cross arms 

8-12 


Wis R R. Com 

Quoted by H. A. Foster. 

average exchange 

10 

0% 

Tel. “ Data ” 

Quoted by H A Foster. 

average toll . 

IS 

0% 

Tel. “ Data ” 

Quoted by H A Foster. 

iron 

20 


Chi U T Co. 

Chi XJmon Trac Co. Case. 

iron 

40 


Wis. R R. Com 

Milwaukee 3)i Fare Case. 

iron 

40 


Arnold 

4 Chicago Appraisals. 

steel 

SO 


Ploy 

3rd Ave Case, N Y. City 

Power plant equipment 

12^ 


Cooley 

Milwaukee 3fi Fare Case 


20 


Starrett 

Milwaukee Sfi Fare Case. 


21 01 


Wis R R. Com. 

Milwaukee zi Fare Case. 

Pumps . 

IS 


St L P S C. 

Union Elec L. &P Co. Case. 


20 


Floy 

3rd Ave Case, N Y. City. 


20 


Trac, Val. Com. 

Chi. Con Trac. Co. Case. 


20 


Arnold I 

Coney Isl & Brooklyn Case. 


20 


Arnold 

4 Chicago Appraisals 


20 


Arbitrators 

Ata St. Ltg Controversy, 


21 3 


Alvord ’ 

Proc Am W W Assoc., 1903. 


22 


Rosecrans 

Galena Appraisal, Kan , 1905. 


25 


Hammond 

Jour. Inst Elec. E , 1907. 


25 

6% 

Preece 

Report Bristol Corp., 1906. 


25-30 


Williams 

Galena Appraisal, Kan , 1905. 


30 


Kiersted 

Galena Appraisal, Kan , 1905. 


30 


Burdick 

Mt. Vernon W. W., Ill , 1906. 


40 


Dodge 

Mt Vernon W. W , 111 , 1906. 

and auxiliary machinery 

20-30 


Metcalf 

Trans. Am Soc C. E., 1909. 

and condensers 

15-25 


Wis. R. R Com 

Milwaukee zi Fare Case. 

small steam . 

IS 


Wis R R Com 

Quoted by Henry F'loy. 

general service ... 

16 

5% 

P. G.&E Co 

S. F rate heanngs, 1913-14. 

centrifugal .. . . 

16 

5% 

D G & E. Co. 

S F. rate hearings, 1913-14. 

certtnfugal 

20-30 


Foster 

“ Eng. Valuation,” etc. 

geared power . . . 

20-30 


Foster 

“ Eng Valuation,” etc. 

boiler feed . 

15-20 


Foster 

“ Eng Valuation,” etc. 

oil . , .... 

16 

5 % 

P G.&E Co. 

S. F. rate heanngs, 1913-14. 

Purifiers 





gas — modern ... 

SO 


Wis R R. Com. 

Quoted by H. A Foster, 

Reservoirs 

So-ioo 


Metcalf 

Trans Am. Soc. C. E., 1909. 


lOQ 


Burdick 

Mt. Vernon W. W., 111., 1906. 
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TABLE 19. THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued) 


Descnptxon. 

Expect- 

ancy. 

Residual 

value 

Authority. 

Remarks. 


Years 




Reservoirs (continued) 





earthen 

100 


Cal R. R. Com 

Cuyumaca Water Co Case 

Retort house 
floors 

Rolling stock 

15-30 


Wis R R Com 

Quoted by H A Poster. 

street railway 

12 5 


Cooley 

Milwaukee 3j4 Pare Case. 

street railway 

16 7 


Starrett 

Milwaukee 3?^ Pare Case. 

street railway . 

15-20 


Wis R R. Com. 

Milwaukee 3j4 Pare Case 

railroad 

p8 


Gillette 

Gt *Nor & N. P. Appraisal. 

railroad locomotives 

20-35 


Wilgus 

Lehigh Val R R App. 

railroad passenger cars 

35-40 

30-40% 

Wilgus 

Lehigh Val R R. App 

railroad freight cars 

30-S0 

25 % 

Wilgus 

Lehigh Val R R App 

street railway cars 

30 


Arnold 

Coney Isl- & Brooklyn Case. 

street railway bodies 

IS 


Wis R R. Com 

Milwaukee 3s!f Fare Case. 

street railway open bodies 

25 


Trac. Val. Com 

Chi Con. Trac. Co. Case 

street ry closed bodies 

20 


Trac Val Com 

Chi Con. Trac Co Case. 

street ry bodies and trucks 

13 3 


M E R.&L Co 

Milwaukee 3p Pare Case. 

street ry bodies and trucks 

20 


Chi U T Co 

Chi Union Trac Co, Case 

street ry bodies and trucks 

20 


Stone 8 c Webs 

Chi Union Trac Co Case. 

street railway trucks 

15-20 


Wis R R Com 

Milwaukee 3^i Pare Case. 

street railway trucks 

30 


Trac. Val. Com 

Chi Con. Trac Co Case. 

street railway trucks 

30 


Arnold 

Coney Isl & Brooklyn Case, 

street railway elec equip 

10 


M E.R.&L Co 

Milw<aukee si Fare Case. 

street railwaj’’ elec equip 

12-15 


Chi U T Co 

Chi. Union Trac Co Case. 

street railway elec, equip 

12-15 


Stone & Webs 

Chi Union Trac Co Case. 

street railway elec equip 

10-20 


Wis R R. Com. 

Milwaukee 35I Fare Case. 

st. ry fenders and registers 

IS 


Wis R. R. Com 

Milwaukee si Pare Case. 

Scrubbers and condensers 

30 


Wis R R Com 

Quoted by H. A Foster. 

Services telectnc) . 

IS 


P G. &E Co 

S. F. rate hearings, 1913-14. 


20 


S. J. L & P. Cor. 

Cal. R R. Com rate heanng. 


21 6 

30% 

Cal. R. R, Com. 

Calls E Co. vs. Napa Val. 





E C. 

Snowsheds (2?. R.) . 

Stacks 

25 


Gillette 

Gt. Nor.‘&: N. P Appraisal. 

brick 

33 


Trac. Val. Com. 

Chi. Con. Trac Co. Case 

brick 

33 3 


Floy 

4 Chicago Appraisals. 

steel 

12 


P G &: E. Co. 

S. F rate hearings, 1913-14. 

steel , 

14 2 


Floy 

4 Chicago Appraisals 

Stand pipes 

25 


Rosecrans 

Galena Appraisal, Kan , 1905. 


30 


Kiersted 

Galena Appraisal, Kan , 1905. 


40 


Williams 

Galena Appraisal, Kan , 1905* 


25-40 


Metcalf 

Trans. Am Soc. C E , 1909. 

Station buildings and R. R 





structures. 

10 


Cal R. R. Com. 

Stockton Term & East Case. 

Steam vessels 





on Great Lakes 

40 

15 % 

Wilgus 

Lehigh Val. R. R. Appraisal. 

on tide water 

Stokers 

32 

15 % 

Wilgus 

Lehigh Val. R R. Appraisal. 

fixed parts . .... 

20 


Trac. Val. Com. 

Chi. Con. Trac Co. Case. 

moving parts. , , . .. 

5 


Trac. Val Com. 

Chi Con. Trac. Co Case. 
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TABLE 19 . THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued,') 


Description. 

Expect- 

ancy. 

Residual 

value 

Authonty. 

Remarks. 


Years 




Storage batteries 

10 


M E R.&L.C0 

Milwaukee 3fS Fare Case. 


10 


Wis R R. Com 

Milwaukee 3fi Fare Case. 


12 s 

6% 

1 P G & E Co 

S P rate heanngs, 1913-14. 


15 

S% 

Wis R R. Com 

Wisconsin Tel. Co Case, 


15 


Chi U. T. Co. 

Chi. Umon Trac Co Case. 


20 


Stone & Webs 

Chi. Umon Trac. Co. Case. 


20 


St. Louis P S C 

Union Elec L. &P. Co Case. 


20 


Floy 

3rd Ave. Case, N. Y City. 

Substation equipment 

20 


S J L & P. Cor 

Cal. R R Com rate heanng. 


25 1 


Preece 

Report Bnstol Corp , 1906. 


SO ! 


Cal R. R Com 

Calls. E. C. vs. Napa Val. 





E. C. 

Sumps and wells 





at gas plant 

30 


P G & E Co 

S F. rate heanngs, 1913-14, 

tar and ammonia ' 

Surge tank 

SO 


Wis R R Com 

Quoted by H. A Foster. 

concrete 

30 


S. J L. & P Co 

Cal. R. R Com rate heanng 

Superheaters 

20 


P. G & E Co. 

S F rate heanngs, 1913-14, 

Switchboards . 

12 \ 


St L P. S C 

Union Elec. L & P. Co. Case. 


IS 


Chi U T. Co 

Chi. Union Trac. Co Case. 


16 7 


Arnold 

Coney Isl & Brooklyn Case. 


20 


Stone & Webs. 

Chi Union Trac. Co Case. 


20 


M E R &L Co 

Milwaukee zi Fare Case. 


20 


Floy 

3rd Ave. Case, N. Y, City. 


20 


P G & E Co. 

S. F rate heanngs, 1913-14. 


20 


Hammond 

Jour Inst Elec E , 1907, 


15-20 


S J L & P Co 

Cal R R Com rate heanng. 


15-20 


Wis. R R Com 

Milwaukee zi Fare Case. 


33 3 


Trac Val Com 

Chi Con. Trac. Co Case. 


50 


Arnold 

4 Chicago Appraisals. 


SO 


Chi Trac. Com 

Quoted by G W Cravens. 


50 


Wis R R Com 

Quoted by G W Cravens. 

telephone, central 

8 

20% 

Chi Tel Com. 

Chicago Telephone Com. 

telephone, central 

8-10 

15% 

Tel. “ Data ” 

Quoted by H A Foster. 

telephone, central 

12 

20% 

Wis R. R Com 

Wisconsin Tel Co. Case. 

telephone P B X 

8 

20% 

Chi. Tel Com. 

Chicago Telephone Com. 

telephone P B X. 

10 

10% 

Tel Data ” 

Quoted by H A Foster. 

telephone P B X 

Systems and plants 

10 

15 % 

Wis. R R. Com 

Wisconsm Tel Co. Case. 

electnc light and power , . 

17 46 


Wis. R. R. Com 

Fon du Lac W. Co. Case aver. 





6 plants. 

electnc hght and power 

18 


Wis R. R, Com 

Madison Gas & B. Co. Case. 

electnc light and power 

20 


Mass G. & E. 

Mass. Gas & Elec. Com. 




Com 


electnc light and power 

20-25 


Wis, R. R. Com 

Jefferson Mun. E. L. & W, 





plant. 

electnc light and power 

22 0 


P. G & E. Co. 

S. F. rate hearing, 1913-14. 

electnc railway 

18 02 


Wis R R. Com 

Fon du Lac W. Co. Case aver. 





7 plants 

electric railway. 

18 6 


Wis R. R. Com 

Milwaukee 3^ Fare Case. 
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TABLE 19 THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued) 


Description. 

Expect- 

ancy 

Residual 

value. 

Authority 

Remarks. 


Years 




Systems and plants (con ) 





electric railway 

19 8 


Wis R R Com 

Duluth St Ry Co Case. 

telephone 

10-25 


Wis R R Com 

Oregon Telephone Co Case. 

telephone 

14-15 


Wis R R Com 

Various cases in 1912-13 

water supply 

50-65 


Wis R R Com 

Various cases in 1910-11 

overhead system 

33 § 

35 % 

Cal R R Com 

Calls E C.vs NapaVal.E.C. 

St ry distrib system 

12} 

14 


Cooley 

Starrett 

Milwaukee 3ff Fare Case 
Milwaukee 3 it Fare Case. 

St ry distnb & trans sys 

30 03 


Wis R R Com 

Milwaukee 3i Fare Case. 

Tanks 





wooden 

12 


P G & E Co 

S F rate hearings, 1913-14. 

steel 

30 


P G & E Co 

S F. rate hearings, 1913-14. 

Tar extractors 





P &A 

40 


Wis R R Com 

Quoted by H. A Foster 

Telephone equipment 





street railway 

10-12 


Wis. R R Com 

Milwaukee 36 Fare Case 

street railway 

13 3 


Mil E R & L 

Milwaukee 3 j 5 Fare Case. 

electric power plants 

12 


P G & E Co 

S F rate heanngs, 1913-14 

elec power plant lines 

20 


S j L & P Cor 

Cal R R Com ratehearmg. 

elec power plant mstrum’ts 

20 


S J L & P Cor 

Cal R. R Com rate hearing 

elec power plant equipm’t 

8-14 


S J L & P Cor 

Cal R R Com rate hearing 

farmers line 

IS 


Wis R. R. Com 

Wautoma & Mt Morns Tel. 
Line 

subscribers instruments 

8-10 

10% 

Tel " Data ” 

Quoted by H A Foster 


10 

5 % 

Chi Tel Com 

Chicago Tel Commission. 


10 

5 % ' 

Wis R R Com. 

Wisconsin Tel Co Case 

telephone drop wires 

8 

15 % 

Chi Tel Com 

Chicago Tel Commission. 

Testing instruments 





electnc 

10 

20% 

Cal R R. Com 

Calls E C. vs. Napa Val. 
E Co. 

Tools and shop machinery 

5-25 

I2§ 

14 2 

13 3 

20 

20 


Wis R R. Com 
Cooley 

Starrett 

Mil. E R & L. 
Chi U T Co 
Stone & Webs. 

Milwaukee 3^ Fare Case 
Milwaukee si Fare Case 
Milwaukee 3^i Fare Case. 
Milwaukee 3i Fare Case. 

Chi Union Trac. Co Case. 
Chi Union Trac Co Case. 

tools, teams and furniture 

4 

10% 

Chi Tel Com 

Chicago Telephone Com. 

tools and furniture 

7 


Wis R R Com 

Quoted by H A Foster. 

tools and sundries 

10 

5 % 

Preece 

Report Bristol Corp , 1906. 

Track 





rails, ties and bonding 

12^ 


Wis R. R. Com. 

Milwaukee 3 j 4 Fare Case. 

rails, ties and bonding 

12^ 


Cooley 

Milwaukee 3i Fare Case. 

rails, ties and bonding 

I2| 


Starrett 

Milwaukee 3^^ Fare Case. 

rails, ties and bonding 

12 8 S 


Chi U T Co 

Chi Union Trac Co Case. 

rails, ties and bonding 

13 86 


Stone & Webs 

Chi Union Trac Co Case. 

rails, ties and bonding 

13 33 


Mil E^R, &L. 

Milwaukee 30 Fare Case. 

straight . 

18 


Wis R R. Com. 

Quoted by Henry Floy 

special work 

83 


Mil E. R & L 

Milwaukee 3jiS Fare Case 

special work 

10 


Arnold 

4 Chicago Appraisals. 

special work 

12 


Wis R R Com 

Quoted by Henry Floy. 
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TABLE 19 THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Continued) 


Descnption. 

Expect- 

ancy 

Residual 

value. 

Authority. 

Remarks. 

Track (continued) 





special work 

12 85 

- 

Chi. U. T. Co 

Chi. Union Trac Co Case. 

special work 

13 86 


Stone & Webs 

Chi Union Trac Co Case. 

ties 

20 


Trac Val Com. 

Chi Con. Trac. Co Case. 

railroad rails, new 

25 

26% 

Cal R R. Com 

Stockton Term & East Case. 

railroad rails, relay 

15 

48% 

Cal R. R Com 

Stockton Term. & East Case. 

R R rails and track fast 

40 


Gillette 

Gt Nor & N. P Appraisal 

railroad track fastenings 

12^ 


Cal R R Com 

Stockton Term. & East Case. 

railroad ties 

8' 


j Gillette 

Gt Nor and N. P. Appraisal. 

railroad ties, redwood 

16 


Cal R R Com 

Stockton Term. & East Case. 

railroad ties, creosoted * 

19 35 


0 Chanute 

Houston & Texas Cent. R R. 

trestles and bridges 

10 


Cal R R. Com 

Stockton Term & Ease Case. 

ballast 

10 


Cal R R, Com 

Stockton Term. & East. Case. 

frogs and switches 

25 

36% 

Cal R R. Com 

Stockton Term. & East Case 

cast-iron culverts 

16 


Cal R R. Com 

Stockton Term & East. Case. 

Transjormers 

15 


St L P. S C. 

Union Elec. L & P. Co Case 

station service 

IS 

20 


Wis R R Com 
Wis R. R Com 

Quoted by Henry Floy 
Quoted by Henry Floy. 

station 

25 


S J L &P.Cor 

Cal R R Com. rate hearing. 

line 

20 

10% 

I Cal R R Com 

Calls E. C. vs, Napa Val. E. 

distribution 

20 

ookw 

P G & E Co 

Co. 

S F. rate hearings, 1913-14. 

power 

20 

$ Sokw 

P G & E Co. 

S F. rate hearmgs, 1913-14. 

static transformers 

IS 


Hammond 

Jour. Inst. E. E., 1907. 

Tunnels 





power plants 

50 


^ S J L.&P Cor 

Cal. R. R. Com rate hearing. 

Turbines 





steam 

IS 


St L P S. C. 

Union Elec L. & P Co. Case. 

steam 

20 


Wis. R R. Com 

Quoted by Henry Floy. 

steam 

20 


Hammond 

Jour. Inst Elec. E , 1907. 

steam 

30 

10 lb. 

P. G & E. Co 

S F. rate hearmgs, 1913 -14. 

water 

30 


Wis R R. Com. 

Quoted by Henry Floy. 

water-type prior 1900 . 

25-40 


Foster 

“ Eng. Valuation,” etc. 

water-type after 1900 

30-50 


Foster 

“ Eng Valuation,” etc. 

Washers (gas plant) 





cast iron 

40 


Wis. R R. Com 

Quoted by H. A. Foster. 

Water gas machines 

30 


Wis. R. R. Com 

Quoted by H. A Foster. 

Watt meters 





service , . 

10-15 


Foster 

” Eng. Valuation,” etc. 

Wells 





water 

30 


S. J. L.&P.Cor 

Cal. R. R Com. rate hearing. 

water, driven or drilled 

50-75 


Foster 

” Eng. Valuation,” etc. 

water, large open masonry 

75-100 


Foster 

” Eng. Valuation,” etc. 

water well pumps 

10 


S.J L.&P.Cor 

Cal. R R. Com. rate hearings. 

gas wells , . , . 

10 

0% 

Cal. R. R, Com 

Midway Gas Co. et al Case. 

gas well drilling equip. 

10 

25% 

Cal R. R. Com 

Midway Gas Co. et al. Case. 

Wharves and docks 

33 l 


Gilletce 

Gt. Nor. & N. P. Appraisal. 

Wire 





aenal ....... 

20 


St L P. S C. 

Union Elec. L. & P. Co. Case. 

aerial copper, . , . , 

j 

15 


Chi. Tel. Com. 

Chicago Telephone Com. 
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TABLE 19. THE PROBABLE USEFUL LIFE OF VARIOUS 
ARTICLES {Concluded) 


Description 

Expect- 

ancy. 

Residual 

value. 

Authonty. 

Remarlcs. 


Years 




Wire {continued) 





bare 

25 

35 % 

P. G, & E Co. 

S. P rate hearings, 1913-14. 

insulated 

20 

15 % 

P G & E. Co. 

S P. rate hearings, 19 I 3 ”I 4 * 

copper, weatherproof 

13 


Arbitrators 

Ata St. Lgt. Controversy. 

copper, weatherproof 

16 


Wis R. R. Com. 

Quoted by Henry Floy. 

copper, weatherproof 

lo-is 


Poster 

“ Eng. Valuation,” etc. 

2-kv distribution . 

IS 


S j.L &P.Cor. 

Cal. R. R. Com. rate hearing. 

4-kv. distnbution . . . 

15 


S J. L. & P. Cor 

Cal. R. R. Com. rate hearing. 

lo-kv. distnbution . 

20 


S J L & P Cor 

Cal. R. R. Com. rate hearing. 

telephone, iron . 

10 

0% 

Wis. R R. Com 

Wisconsin Tel Co. Case. 

telephone, iron 
telephone, weatherproof, 

8-15 


Wis R R. Com. 

Quoted by H. A. Foster. 

iron 

IS 


Wis R. R Com 

Quoted by H. A. Foster. 

telephone, copper 

20 

75 % 

Wis. R. R. Com 

Wisconsin Tel Co. Case. 

telephone , bare copper 

10-15 

I 40% 

Tel “ Data ” 

Quoted by H. A. Foster. 

telephone exch , insul cop- 

10 

10% 

Tel “Data” 

Quoted by H. A, Foster. 

telephone exch , bare iron 

8-10 

0% 

Tel “ Data ’ 

Quoted by H. A. Foster. 

telephone toll, bare copper 

40 

40% 

Tel “Data” 

Quoted by H. A Foster. 

telephone toll, bare iron 

IS 

0% 

Tel “ Data ” 

Quoted by H. A. Foster. 

telephone, distribution 

10 

15% 

Wis R. R Com. 

Wisconsin Tel. Co. Case. 
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EXPLANATION OF TABLE 20 
Expectancy and Remaining Value 
(Approximate Values Only) 

The expectancy of any article in use, which is still in service- 
able condition, can be approximated from the following tables, 
when the probable life new of other articles of the same class is 
known There is noted in these tables also the approximate 
remaining value, although this may also be obtained from the 
Amortization and Depreciation Table 27 by entering the same 
with the years of expectancy as elsewhere explained. The ex- 
pectancy noted in Table 20 is based on a reasonable assumption 
of the rate at which a large number of articles of the same 
probable life would go out of use (see Chapter VI) and is in fair 
accord with the expectancy that would be found if all the arti- 
cles were assumed to fail according to the law of probabilities 
within a period equal to twice the probable life term. The 
strict application of the law of probability under assumptions, 
relating not only to the probable life of any article in question, 
but also to the probability of survivals beyond some period, as, 
for example, twice the probable life, would be an unnecessary 
refinement not justified until a vastly greater mass of data than 
now available, relating to actual life of individual articles in 
each class, has been assembled. 

It may be claimed for this table in its present form that 
it will afford means of making much closer approximation to 
the actual remaining worth of any article than is possible by 
the use of the ordinary amortization tables in which age alone is 
taken into account and in which no distinction is made between 
actual and probable life. 

In this table the expectancy and remaining value are noted 
for any single article, whose probable life when new is known. 
The table has been computed for 4 per cent, 5 per cent, 6 per 
cent and 7 per cent interest per annum. For other interest 
rates, values may be interpolated. 

In Tables 4 to 7, Chapter VI, the annual replacement re- 
quirement is noted for groups of numerous articles, all of the 
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same probable life new. These tables cover the two cases of a 
plant which has attained its full growth and of the plant to 
which a uniform annual addition is being made. The annual 
replacement requirement is based on the probable annual num- 
ber of failures. Similar tables can readily be prepared for other 
terms of usefulness than 5, 10 and 20 years covered by these 
tables and for any other h3q)othesis of the rate at which actual 
failures will take place. 

All figures noted in Tables 4 to 6 and in Table 20 are approx- 
imation figures derived from smoothed-out curves. They are, 
in fact, modifications of the values which were obtained as a 
result of the assumption already fully discussed that failures 
among any large group of articles will be greatest in number at 
or near the end of the probable life term, that practically no 
articles will survive twice the probable life term, and that there 
will be a uniform increase in the annual rate of failures from the 
beginning to the year of maximum number of failures and that 
the decrease in the number of annual failures will follow a 
similar law. 

To find the expectancy of any perishable article which has a 
probable life term new of n years, not covered by any of the 
subdivisions of the table here published, the ten-year life sub- 
division of Table 20 may be called to aid. 

Let e = the expectancy which is to be determined, 
m = the age of the article, 
n = the probable life new of the article, 
m! = the relative age of an article whose probable life 
new was 10 years such that 


Let e' = the relative expectancy at the age w! of an article 
whose probable life new was 10 years. 

Then the expectancy to be determined will be found from 


ml 



(20) 
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Example. — What is the expectancy of an article 8 years old, 
in fair condition, whose probable life new was 12 years? Here 
n = 12 and m = 8. 




10 X 8 
12 


6.67. 


For the age 6.67 years in the ten-year subdivision of Table 20 
(this being in the seventh year) the expectancy 5.17 years is 
found by interpolation. The required expectancy is, therefore, 


e == 5.17 X — =6.2 years, 

10 

which would be found in a twelve-year probable life table foi; the 
end of the eighth year or for the beginning of the ninth year. 

For general use the following tormulae are recommended which 
will be found to agree fairly well with the results presented in 
Table 20. They are applicable to any probable life term and 
any age to the limit beyond which it has been assumed no article 
will continue in service. 

When the age of an article is less than its probable life term 
new, that is, when m < n 

e = w — 0.93 m + 0.30 — (21) 

n 

When the age of an article is greater than its probable life 
term new, that is, when m> n 

e = 0.72 n — 0.3s m. (22) 

Example. — What is the expectancy of an article whose 
probable term of usefulness when new was 12 years, which is 8 
years old and apparently in good condition ? 

Here n — 12 and ^ = 8. 

By equation (21) 

^ = 12 — 7.44 + 1.60 == 6.16 years. 

Example. — What is the expectancy of a similar article 15 
years old, which has survived its probable term of usefulness 
but is still in service and in good condition ? 

Here n — 12 and w - 15. 
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By equation (22) 

e = 8.64 ~ 5.25 = 3.39 years. 

Example. — What is the expectancy of an article 40 years 
old, whose probable life new was 60 years and which is in good 
condition? 

Here n — 60 and m = 40. 

By equation (21) 

6 = 60 — 37 20 + 8.00 = 30.80 years. 

To find the remaining value of an original investment of $100 
in any article or the accrued depreciation when the expectancy 
of the article is known and the probable life new is different from 
any covered by the tables here published, proceed as follows: 

Find the annuity which in n years will amount to $100. From 
tables, such as Tables 20 and 27 in this volume, or by calculation, 
find the amount of this annuity for (n ~ e) years This amount 
vrill represent the accrued depreciation and $100 less this amount 
vdll be the remaining value of an original investment. 

Example. — What is the remaining value (6 per cent interest) 
of an article which cost $100, whose probable life new was 12 
years, which is 8 years old and wnich is still in fair condition? 

The expectancy of this article as shown in a preceding example 
is about 6.2 years. The annuity which in 12 years at 6 per cent 
will amount to $100 is $5 93; this annuity in (12 — 6.2) years 
amounts to $40.4.4 , the accrued depreciation. The present worth 
will be $100 — $40 44 = $59 56. 

By use of the ten- and fifteen-year subdivisions of the table 
and interpolation the procedure would be as follows: 

Eight years in a twelve-year probable life table is fairly com- 
parable with 6.67 years in a ten-year table and with 10 years 


in a fifteen-year table 

Remaining value (at 6 per cent) ' 

For age 6 67 years from the ten-year table Is8 80 

For age 10 years from the fifteen-year table 62.30 

Difference I 3 50 

or approximately 58 So -(- 1 X 3 50 = $60 20 
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It remains to be noted that when remaining value is to be 
determined age may be entirely disregarded when expectancy can 
be determined by an inspection of the article in question. The 
condition of the article and all other circumstances affecting its 
serviceability being taken into consideration its probable remain- 
ing term of service or its expectancy is estimated. In this case 
it will be more convenient to use Table 27 than Table 20. 

Select the subdivision of Table 27, corresponding with the 
probable life new of the article, and use only the headings of the 
columns at the bottom of the page. For the expectancy noted 
in the right-hand column, the remaining value and the accrued 
depreciation will be found in their respective columns. Inter- 
polation may be resorted to for fractional years if this refinement 
be thought desirable. 

Because expectancy in the case of individualized articles which 
have been long in use can best be determined by inspection and 
by a consideration of local circumstances affecting continued 
serviceability, it has been thought sufficient to note values in 
the long-term subdivisions of Table 20 and for articles long in 
service only for every fifth or every tenth year. 

To find the current depreciation of any single article in any 
year by the use of Table 20 subtract from its remaining value 
at the beginning of that year the remaining value at the begin- 
ning of the following year. 

Example, — What is the current depreciation in the sixth 
year, at 6 per cent interest, of an article whose probable life is 


1 5 years ? 

Remaining value at the beginning of the sixth year $76.90 

Remaining value at the beginning of the seventh year 72.60 

Depreciation in the sixth year $ 4.30 
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TABLE 20. EXPECTANCY AND REMAINING VALUE OF ANY 
ARTICLE WHOSE REPLACEMENT COST IS $100 

All values in this table are based on the assumption that in a group of 
many articles, no article will survive twice its probable life and that the 
number of annual failures will increase at a uniform rat^ to a maximum 
at the end of the probable life term and will thereupon decrease at a uni- 
form rate. 

Probable Life 5 Years 


5 Years 5 Years 


Beginning 
of year 

Expectancy 

years 

Remaining value 

4 per cent per 
annum 

5 per cent per 
annum 

6 per cent per 
annum 

7 per cent per 
annum 

I 

5 00 

$100 00 

$100 00 

$100 00 

$100 00 

2 

4 15 

84 30 

84 60 

84 90 

85 20 

3 

3 40 

70 00 

70 so 

71 00 

71 SO 

4 

2 75 

57 30 

57 90 

S8 40 

59 00 

5 

2 25 

47 40 

47 90 

48 50 

49 10 

6 

1.8s 

39 30 

39 So 

40 30 

40 90 

7 

I 55 

33 00 

33 50 

34 00 

34 50 

8 

I 25 

26 80 

27 20 

27 60 

28 00 

9 

I 00 

21 60 

22 00 

22 40 

22 80 


Probable Life 10 Years 

10 Years 10 Years 


I 

10 00 

100 00 

100 00 

100 00 

100 00 

2 

9 10 

92 50 

92 90 

93 20 

93 so 

3 

8 25 

85 20 

8s 80 

86 40 

87 00 

4 

7 50 

78 50 

79 30 

80 10 

81 00 

6 

6 80 

72 10 

73 10 

74 00 

75 00 

6 

6 10 

6s 60 

66 70 

67 70 

68 80 

7 

5 50 

59 90 

60 90 

62 00 

S 63 10 

8 

5 00 

54 90 

56 10 

57.20 

58 40 

9 

4 50 

49 80 

SI 00 

52.20 

53 30 

10 

4 10 

45 90 

46 90 

48.10 

49 . 20 

II 

3-70 

41 60 

42 70 

43 90 

45 00 

12 

3 35 

37 90 

39 00 

40 10 

41 20 

13 

3.00 

34 20 

35 30 

36 30 

37 40 

14 

2.65 

30 40 

31 40 

32.30 

33.30 

16 

2 30 

26 so 

27 .40 I 

28.30 

29.30 

16 

2 .00 

23 30 

24 10 

24 90 

25.70 

17 

1. 6s 

19 SO 

20 20 

20 90 

21 60 

18 

I -35 

15 70 

16 30 

16 90 

17 so 

19 

I 00 

II 90 

12 30 

12 .80 

13 30 
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TABLE 20. EXPECTANCY AND REMAINING VALUE OF ANY 
ARTICLE WHOSE REPLACEMENT COST IS $ioo {Continued) 

Probable Life is Years 


IS Years iS Years 


Beginning 
of year. 

Expectancy 

years. 

Remaining value. 

4 per cent per ^ 
annum. 

5 per cent per 
annum 

6 per cent per 
annum. 

4 per cent per 
annum. 

I 

IS 00 

$100 00 

$100 00 

$100 00 

$100.00 

2 

14 10 

95 50 

95 80 

96 10 

96.40 

3 

13 20 

90 90 

91 50 

92 10 

92 60 

4 

12.40 

86 60 

87 40 

88.30 

89.00 

5 

II 65 

82 40 

83 50 

84-30 

83.50 

6 

10 90 

78 20 

79 50 

80.70 

81 .80 

7 

10 IS 

73 90 

75 30 

76 70 

78.00 

8 

9-45 

69.60 

71.10 

72 60 

74.00 

9 

8 8s 

6 s 90 

67-50 

69.10 

70.60 

10 

8 2S 

62.10 

63 80 

63-30 

67.10 

II 

7 75 

S8 90 

60 60 

62 30 

64 00 

12 

7 2S 

55 60 

57 40 

59 10 

60.80 

13 

6 75 

52 30 

54 00 

33-80 

57.30 

14 

6 30 

49 20 

51.00 

32.70 

54.40 

15 

5 90 

46 40 

48.20 

49.90 

51 60 

i6 

5-55 

44 00 

45.70 

47.40 

49.10 

17 

5 20 

41 50 

43 20 

44 80 

46.30 

i8 

4.85 

38 90 

40.60 

42.20 

43.80 

19 

4.50 

36.40 

37.90 

39.50 

41.10 

20 

4.15 

33-70 

35 30 

36.80 

38.40 

21 

3.80 

31 10 

32 .60 

34.00 

35-50 

22 

3 45 

28 40 

29 80 

31.20 

32.60 

23 

3-10 

25 70 

27.00 

28.30 

29.60 

24 

2.75 

22 .90 

24.20 

25 40 

26 . 60 

25 

2 40 

20 20 

21 .20 

22.30 

23.40 

26 

2 os 

17.40 

18.30 

19.30 

20.30 

27 

1.70 

14 50 

15-30 

16.10 

17.00 

28 

I -35 

II 60 

12.20 

12 90 

13*60 

29 

1. 00 1 

8.60 

9.20 

9 70 

10.30 
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TABLE 20 EXPECTANCY AND REMAINING VALUE OF ANY 
ARTICLE WHOSE REPLACEMENT COST IS $ioo' {Continued) 


Probable Life 20 Years 

20 Years 20 Years 


Beginning 
of year 

Expectancy 

years 

Remaining value. 

4 per cent per 
annum 

S per cent per 
annum. 

6 per cent per 
annum 

7 per cent per 
annum 

I 

20 00 

$100 00 

$100 00 

$100 00 

$100 00 

2 

19 10 

97 00 

97 30 

97 60 

97 80 

3 

18 20 

93 90 

94 40 

95 00 

95 50 

4 

17 3S 

90 80 

91 60 

92 40 

93 10 

5 

16 50 

87 60 

88 70 

89 70 

90 70 

6 

15 7S 

84 80 

86 10 

87 30 

88 40 

7 

15 00 

81 80 

83 30 

84 70 

86 00 

8 

14 30 

79 00 

80 60 

82 10 

83 60 

9 

13 60 

76 00 

77 80 

79 SO 

81 10 

10 

12 90 

73 00 

, 75 00 

76 80 

78 50 

II 

12 20 

69 90 

72 00 

73 90 

7S 80 

12 

II 60 

67 20 

69 30 

71 40 

73 30 

13 

II 00 

64 so 

66 70 

68 80 

70 80 

14 

10 SO 

62 10 

64 30 

66 so 

68 so 

16 

10 00 

59 70 

62 00 

64 20 

66 30 

16 

9 SO 

57 20 

59 50 

61 70 

63 90 

17 

9 00 

54 70 

57 00 

59 30 

61 so 

18 

8 60 

52 60 

SS 00 

57 20 

S9 40 

19 

8 20 

50 60 

52 90 

55 20 

57 40 

20 

7 80 

48 so 

SO 80 

53 00 

SS 30 

21 

7 40 

46 30 

48 60 

so 90 

S3 10 

22 

7 00 

44 20 

46 40 

48 70 

SO 90 

23 

6 60 

41 90 

44 20 

46 40 

48 so 

24 

6 25 

40 00 

42 20 

44 30 

46 so 

25 

5 90 

38 00 

40.10 

42 30 

44.40 

26 

5 55 

36 00 

38,00 

40,10 

42 20 

27 

5 20 

33 90 

35 90 

38 00 

40 00 

28 

4 8 s 

31 90 

33 90 

35 80 

37 70 

29 

4 50 

29 70 

31 60 

33 50 

35 30 

30 

4 IS 

27 60 

29 40 

31 20 

33.00 

31 

3 80 

25.40 

27 10 

28 80 

30.50 

32 

3 4 S 

23 30 

24 80 

26 40 

28.00 

33 

3 10 

21 10 

22.50 

24 00 

25 50 

34 

2 7 S 

18 80 

20 10 

21 so 

22 90 

35 

2 40 

16.50 

17 70 

18 90 

20 20 

36 

2 05 

14 20 

15.30 

16 40 

17 50 

37 

I .70 

II ,80 

12.70 

13.70 

14.60 

38 

I 35 

9 SO 

10 20 

II 00 

II 70 

39 

I 00 

7.10 

7 60 

8 20 

8 80 
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TABLE 20. EXPECTANCY AND REMAINING VALUE OF ANY 
ARTICLE WHOSE REPLACEMENT COST IS $100 {Continued) 

Probable Life 25 Years 


25 Years 25 Years 


Beginning 
of year 

Expectancy 

years 

Remaining value. 

4 per cent per 
annum. 

5 per cent per 
annum 

6 per cent per 
annum. 

7 per cent per 
annum. 

I 

25 00 

$100 00 

$100 00 

$100 00 

$100 00 

2 

24 10 

97 80 

98 10 

98 40 

98 60 

3 

23 20 

95 60 

96 10 

96 60 

97 10 

4 

22 30 

93 30 

94 10 

94 80 

95 40 

5 

21 45 

91 00 

92 00 

92 90 

93 80 

6 

20 60 

88 70 

90 00 

91 10 

92 10 

7 

19 80 

86 40 

87 90 

89 20 

90 50 

8 

19 os 

84 20 

85 90 

87 40 

88 80 

9 

18.30 

81 90 

83 80 

8s 50 

87 20 

10 

17 60 

79 80 

81 80 

83 60 

85 30 

II 

16 90 

77 60 

79 70 

81 70 

83 50 

12 

16 20 

75 20 

77 50 

79 60 

81 60 

13 

IS ss 

73 00 

75 45 

77 70 

79 80 

14 

14 90 

70.80 

73 30 

75 6° 

77.80 

15 

14 30 

68 70 

71 ,20 

73 70 

76.00 

16 

13 75 

66 70 

69 30 

71 90 

1 74 20 

17 

13*20 

64 70 

67 30 

69 90 

72 40 

18 

12,70 

62 80 

65 SO 

68 10 

70 60 

19 

12 20 

61 80 

63 60 

66 30 

68 90 

20 

II 70 

58 90 

61 70 

64 40 

67 00 

21 

II 25 

57 10 

59 90 

62 70 

63 30 

22 

10 80 

55 20 

58 10 

60 90 

63.50 

23 

10,40 

53 60 

56 40 

59 20 

61 90 

24 

10 00 

SI 90 

54 80 

57 60 

60 30 

25 

9.60 

so 20 

53 00 

55 80 

58.50 

26 

9 25 

48.70 

51 SO 

54.30 

57.00 

27 

8 90 

47 10 

49 90 

52.70 

55 40 

28 

8 50 

45 30 

48.10 

50 90 

53 60 

29 

8. IS 

43 80 

46 so 

49.30 

51.90 

30 

7 80 

42 20 

44 90 * 

47 60 

50.10 

31 

7 40 

40 30 

43.00 

45.60 

48.20 

36 

5 Oo 

31.50 

33 90 

36.30 

38.60 

41 

3 80 

22 10 

24 00 

23 90 

27.80 

46 

2 05 

12 40 

13.50 

14 70 

15 90 

49 

I 00 

6 20 

6.80 

7 40 

8 00 
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TABLE 20. EXPECTANCY AND REMAINING VALUE OF ANY 
ARTICLE WHOSE REPLACEMENT COST IS |ioo (Conhniced) 


Probable Life 30 Years 

30 Years 30 Years 


Beginning 
of year 

Expectancy 

years 

Remaining value. 

4 per cent per 
annum 

5 per cent per 
annum. 

6 per cent per 
annum. 

7 per cent per 
annum. 

I 

30 00 

$100 00 

llOO 00 

0 

0 

0 

0 

$100 00 

2 

29 10 

98 40 

98 60 

98 90 

99 00 

3 

28 20 

96 70 

97 20 

97 70 

98 00 

4 

27 30 

95 00 

95 80 

96 40 

97 00 

5 

26 4 S 

93 30 

94 30 

95 20 

95 90 

6 

25 60 

91 60 

92 80 

93 80 

94 70 

7 

24 80 

89 90 

91 30 

92 50 

93 60 

8 

24 00 

88 20 

89 80 

91 20 

92 40 

9 

23 30 

86 60 

88 40 

89 90 

91 30 

10 

22 SS 

84 90 

86 80 

88.50 

90 10 

II 

21 80 

83 10 

85 20 

87 10 

88 80 

12 

21 OS 

81 30 

83 5° 

85 60 

87 40 

13 

20 30 

79 40 

81 80 

84 00 

86 00 

14 

19 60 

77 50 

80 10 

82 40 

84 50 

15 

iS 90 

75 70 

78 40 

80 80 

83.10 

16 

18 25 

73 90 

76 70 

79 30 

81 60 

17 

17 65 

72 20 

75 10 

77 80 

80 20 

18 

17 OS 

70 50 

73 50 

76 40 

78 80 

19 

16 so 

68 90 

71 90 

74 80 

77 40 

20 

15 95 

67 20 

70 40 

73 30 

76.00 

21 

15 40 

65 50 

68 70 

71 70 

74 50 

22 

14 90 

64 00 

67 20 

70 30 

73-10 

23 

14 40 

62 40 

65 70 

68 70 

71.70 

24 

13 95 

60 90 

64 20 

67 40 

70 30 

26 

13.50 

59 40 

62 70 

6s 90 

68. 90 

26 

13.05 

57 60 

60 90 

. ^4 50 

67.50 

27 

12 60 

56 50 

59 70 

62 90 

66.00 

28 

12 20 

55 00 

58 40 

61 60 

64.70 

29 

II 80 

53 60 

56.90 

60 20 

63-30 

30 

II 45 

52 30 

55 70 

58 90 

62 .00 

31 

II 10 

51 00 

54 40 

57 70 

60 .80 

32 

10 75 

49 70 

53 10 

56 30 

59 50 

33 

10 40 

48 40 

51 70 

55 00 

58 10 

34 

10 00 

46 90 

50 20 

53 30 

56 60 
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TABLE 20. EXPECTANCY AND REMAINING VALUE OF ANY 
ARTICLE WHOSE REPLACEMENT COST IS |ioo {Continued) 


Probable Life 30 Years 

30 Years 30 Years 


Beginning 

year 

Expectancy 

years 

Remaining value. 

4 per cent per 
annum. 

5 per cent per 
annum 

6 per cent per 
annum 

7 per cent per 
annum. 

35 

9 6s 

$45 50 

$48 So 

$52 10 

$55 20 

36 

9 30 

44 20 

47.40 

SO 60 

S3 70 

37 

8 93 

42 So 

46 00 

49 20 

32 30 

38 

8 53 

41 20 

44 30 

47 50 

SO 50 

39 

8 20 

39 70 

42 90 

46 00 

49 00 

40 

7 8s 

38 30 

41 40 

44 40 

47 40 

41 

7 30 

36 So 

39 80 

42 80 

43 80 

46 

5 70 

28 90 

31 60 

34 10 

36 80 

51 

3 90 

20 so 

22 60 

24 60 

26 70 

S6 

2.10 

II 40 

12 70 

13 90 

IS 20 

59 

I 00 

5 60 

6 20 

6 90 

7 so 



Probable Life 40 Years 


40 Years 





40 Years 

I 

40 00 

100 00 

100 00 

100 00 

100 00 

2 

39 10 

99 10 

99 30 

99 40 

99 60 

3 

38 20 

98 . 10 

98 so 

98 So 

99.10 

4 

37 30 

97 10 

97 70 

98 20 

98.60 

5 

36 40 

96 00 

96 80 

97 50 

98.00 

6 

35 50 

94 90 

93 90 

96 So 

97 50 ^ 

7 

34 70 

93 90 

95 10 

96.10 

96.90 

8 

33 90 

92 90 

94 30 

93 40 

96 40 

9 

33 10 

91 80 

93 40 

94 70 

95.80 

10 

32 30 

90 70 

92 50 

93 90 

95 10 

II 

31 50 

89 60 

91 50 

93 10 

94 40 

12 

30 75 

88 so 

90 60 

92 30 

93.80 

13 

30 00 

87 40 

89 60 

91.50 

93 10 

14 

29 30 

86 30 

88.60 

90.70 

• 92 40 

16 

28.55 

85.10 

87 60 

89 80 

91 60 

16 

27 So 

83.80 

86 so 

88.80 

90 80 

17 

27 10 

82 70 

8s 3° 

87.90 

90.00 

18 

26 40 

81 50 

84 40 

87 00 

89.20 

19 

25 70 

80 20 

83 30 

86 00 

88.30 

20 

25 00 

78 90 

82,10 

85.00 

87.40 

21 

24^40 

77 80 

81 10 

84.00 

86.60 

22 

23 So 

76 60 

80 10 

83.10 

85.70 

23 

23 .20 

75.50 

79 00 

82.10 

84.90 

24 

22 ,60 

74 20 

77.90 

81.10 

83.90 
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TABLE 20. EXPECTANCY AND REMAINING ^ VALUE OF ANY 
ARTICLE WHOSE REPLACEMENT COST IS $100 {Continued) 


Probable Life 40 Years 

40 Years 40 Years 


Beginning 
of year 

Expectancy 

years 

Remaining value. 

4 per cent per 
annum 

5 per cent per 
annum. 

6 per cent per 
annum. 

7 per cent per 
annum 

25 

22 00 

$73 00 

$76 70 

0 

0 

0 

00 

$83 .00 

26 

21 45 

71 80 

75 60 

79 00 

82 00 

27 

20 95 

70 80 

74 60 

78 10 

81 20 

28 

20 45 

69 70 

73 60 

77 TO 

80 30 

29 

19 95 

68 60 

72 50 

76 10 

79-40 

30 

19 45 

67 40 

71 40 

75 TO 

78 40 

31 

19 00 

66 40 

70 40 

74 20 

77 50 

36 

16 80 

60 90 

65 20 

69 10 

72 80 

41 

14 So 

55 60 

59 90 

64 00 

67 So 

46 

12 85 

50 00 

54 30 

58 40 

62 20 

51 

TO 95 

44 TO 

48 20 

52 30 

56 10 

S6 

9 10 

37 90 

41 80 

45 60 

49 30 

61 

7 30 

31 40 1 

34 90 

38 40 

41 70 

66 

5 55 

24 70 

27 60 

30 60 

33 50 

71 

3 80 

17 50 

19 70 

22 00 

24 30 

76 

2 05 

9 70 

II 10 

12 50 

13 90 

79 

I 00 

4 90 

5 60 

6.30 

7.00 


Probable Life 50 Years 

50 Years 50 Years 


I 

50 00 

100 00 

100 00 

100 00 

100 00 

2 

49 05 

99 40 

99 so 

99 70 

99 80 

3 

48 15 

98 70 

99 10 

99 40 

99 so 

4 

47 25 

98.10 

98 60 

99 00 

99.30 

5 

46.3s 

97 50 

98.10 

98 60 

99 00 

6 

45 45 

96 80 

97 70 

98 30 

98.70 

7 

44 60 

96 00 

97 00 

97 80 

98.40 

8 

43 75 

95.40 

96 60 

97 50 

98.10 

9 

42 90 

94 70 

96 00 

97 10 

97 80 

10 

42 10 

94.10 

95 50 

96 60 

97-50 

II 

41 30 

93 30 

94.90 

96 20 

97 20 

12 

40 so 

92 60 

94.40 

95.80 

96 80 

T 3 

39.75 

91 90 

93.80 

95-30 

96.50 

14 

39-00 

91 .20 

93 20 

94 80 

96 10 

16 

38.25 

90.40 

92.60 

94.40 

95 70 



300 VALUATION, DEPRECIATION AND THE RATE-BASE 


TABLE 20. EXPECTANCY AND REMAINING VALUE OF ANY 
ARTICLE WHOSE REPLACEMENT COST IS $ioo {Continued) 


50 Years 


Probable Life 50 Years 


50 Years 


Beginning 
of year. 

Expectancy 

years 

Remaining value. 

4 per cent per 
annum. 

5 per cent per 
annum 

6 per cent per 
annum 

7 per cent per 
annum. 

16 

37 5 ° 

$89 60 

$92 00 

$93 So 

$95 30 

17 

36 75 

88 80 

91 30 

93 30 

94 90 

18 

36 00 

88 00 

90 60 

92 80 

94 5 ° 

19 

35 30 

87 20 

90 00 

92 20 

94 00 

20 

34 60 

86 40 

89 30 

91 70 

93 SO 

21 

33 90 

85 60 

88 60 

91 10 

93 10 

22 

33 20 

84 70 

87 90 

90 50 

92 60 

23 

32 50 

83 80 

87 10 

89 80 

92 00 

24 

31 80 

82 90 

86 30 

89 20 

91 50 

25 

31 IS 

82 10 

85 60 

88 50 

90 90 

26 

30 SO 

81 20 

84 80 

87 90 

90 40 

27 

29 90 

80 30 

84 10 

87 20 

89 80 

28 

29 30 

79 50 

83 30 

86 60 

89 20 

29 

28 70 

78 60 

82 50 

85 90 

88 70 

30 

28 10 

77 70 

0 

M 

00 

0 

00 

88 00 

31 

27 50 

76 80 

80 90 

84 40 

87 40 

36 

24 85 

72 50 

77 00 

So 90 

84 20 

41 

22 4S 

68 10 

72 90 

77.10 

80 80 

46 

20 35 

64 00 

69 00 

73 40 

77 40 

51 

18 50 

60 00 

65 10 

69 70 

73*90 

61 

1 14 80 

i SI 20 

56 30 

61 10 

6s so 

71 

II 10 

41 10 

45 80 

5 ° 30 

54 60 

81 

7 50 

29 60 

33 50 

37 40 

41 20 

91 

3 90 

16 so 

19 00 

21 50 

24 00 

99 

I 00 

4 50 

5 20 

6 00 

6 80 


, Probable Life 60 Years 

60 Years 60 Years 


I 

60 00 ^ 

100 00 

100 00 

100 00 

100.00 

2 

59 10 

99 ‘^0 

99 70 

99.80 

1 99 90 

3 

58.15 

99 20 

99 5 ° 

99.60 

99 80 

4 

57.25 

98 80 

99 20 

99 50 

99 60 

6 

56 35 

98.40 

98 90 

99*30 

99 SO 

6 ■ 

1 55*45 

97 90 

98.60 

1 99.10 

i 99 40 

7 

54 60 

97 SO 

1 98 30 

98 80 

99 20 

8 

53*75 

97.10 

98 00 

98.60 

99,10 

9 

52.90 

96 60 

97.70 

98 40 

98 90 

10 

52.05 

96 20 

97 30 

98.20 

98 80 
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TABLE 20. EXPECTANCY AND REMAINING VALUE OF ANY 
ARTICLE WHOSE REPLACEMENT COST IS $100 {Concluded) 


Probable Life 60 Years 

60 Years 60 Years 


Beginning 
of year 

Expectancy 

years 

Remaining value 

4 per cent per 
annum. 

S per cent per 
annum 

6 per cent per 
annum. 

7 per cent per 
annum 

II 

$51 20 

$95 70 

$97 00 

$97 90 

$98 . 60 

12 

50 40 

95 20 

96 60 

97 70 

98.40 

13 

49 so 

94 60 

96 20 

97 40 

98.20 

14 

48 7S 

94-10 

95 90 

97 10 

98 00 

15 

48 00 

93 70 

95 50 

96 80 

97 So 

16 

47 25 

93 20 

95 1° 

96 60 

97 60 

17 

46 50 

92 70 

94 70 

96 30 

97 40 

18 

45 75 

92 10 

94 30 

9S 90 

97 10 

19 

45 00 

91 60 

93 90 

95 60 

96 90 

20 

44 25 

91 00 

93 SO 

95 30 

96 60 

21 

43 50 

90 40 

93 00 

94 90 

96 40 

22 

42 75 

j 89 80 

92 50 

94 60 

96 10 

23 

42 00 

1 89 20 

92 00 

94 20 

95 So 

24 

41 30 

88 60 1 

91 60 

93 80 

95 SO 

25 

40 60 

88 00 

91 10 

93 40 

95 20 

26 

39 90 

87 40 

90 60 

93 00 

94 90 

27 

39 20 

86 80 

90 10 

92 60 

94 60 

28 

38 55 

86 10 

89 so 

92 20 

94.30 

29 

37 90 

8s 5° 

89 00 

91 80 

93 90 

30 

37 25 

84 90 

88 50 

91 30 

93 -So 

31 

36 60 

84 20 

87 90 

90 90 

93 20 

36 

33 60 

80 90 

85 10 

88 60 

91 30 

41 

30 80 

77 50 

82 20 

86 10 

89 20 

46 

28 30 

74.10 

79 10 

83 30 

86 80 

51 

26 10 

70 80 

76 10 

80 60 

84 30 

56 

24 10 

67 60 

73 10 

77 80 

81 80 

61 

22 20 

64 20 

69 90 

74 80 

79 10 

71 

18 50 

57 00 

62 80 

68 00 

72 60 

81 

14 80 

48 70 

54 30 

59 60 

64 40 

91 

II 10 

39 00 

44 20 

49 10 

53 10 

lOI 

7 50 

28 10 

32 40 

36 SO 

40 50 

III 

3 90 

15-70 

18 30 

21 00 

23 60 

119 

I 00 

4 30 

5.00 

5 So 

6 70 
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EXPLANATION OP TABLE 21 ■ 

Compound Interest 

Amount of one dollar at interest compounded annually 

In Table 21 the amount is given of one dollar at interest rates 
from 2 to 10 per cent, interest being compounded aimually for 
any number of years up to 100. 

The formula on which this table is based is the following: 

Let A' represent the amount at the end of ;^th year of one 
dollar plus interest compounded annually. 

Let n represent the number of years. 

Let i represent the interest rate expressed decimally as 
for 5 per cent. 

Then A' = (i + i)^ (23) 

Example. — What is the amount in 7 years of $400 at 6 per 
cent interest compounded annually? 

From Table 21 the amount of $i at 6 per cent interest in 
7 years is found to be $1.503630 and the amount of $400, 
therefore 

$400 X $1.503630 $601.45. 

The section of Table 21 covering interest rates in excess of 
10 per cent will be found serviceable for certain special purposes 
such as the determination of the present value of mining proper- 
ties. This section of the table has been abbreviated by the 
omission of certain individual years but it can nevertheless be 
made to serve in finding the amount of $i at compound 
interest for any year by going into the table with any two years 
whose sum is equal to the number of years for which the amount 
is to be determined and obtaining the product of values found 
in the table for these two years. This product will be the re- 
quired amount. 

Example. — What is the amount of $i at 15 per cent 
compound interest in 46 years? 

The amount of $i for 16 years at 15 per cent is found to be 
I9-35762I- 



TABLES 


303 


The amount of $i for 30 years at 15 per cent is found to be 
$66.211772. 

Then 9.357621 X 66.211772 = $619.58, 

which is the amount of $i at 15 per cent in 46 years. 

While occasion may rarely arise when it is necessary to know 
the amount of $i at these high rates of interest for a long term 
of years this section of the table is valuable for other purposes. 
It can be used to determine the present value of $i due at a 
future date; the amount of an annuity of $1, and also the 
present value of an annuity of $1. 

The method of use for these purposes is explained in connection 
with the respective tables which follow. 

To Illustrate. — What is the present value of a mine yielding 
$X 0,000 net per annum whose estimated life is 10 years and 
which, owing to the hazards of the enterprise, should 3deld a net 
return of 20 per cent per annum? 

From Table 21 it is found that $i at 20 per cent compound 
interest will amount to $6.191736 in 10 years. 

According to formula (27) in the explanation of Table 23 the 
amount of an annuity of $i for 10 years will be 

0.20 


And by formula (29) in the explanation of Table 24 the present 
value of an annuity of $i for 10 years 
25.95868 ^ 

6.191736 


,.192149. 


Consequently the value of the mine equipped to produce the 
net annual amount of $10,000: 

10,000 X 4.192149 = $41, 921.49, 



TABLE 21. AMOUNT OF ONE DOLLAR AT INTEREST COMPOUNDED ANNUALLY 
(Amounts are noted for the end of each year) 
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TABLE 21. AMOUNT OP ONE DOLLAR AT INTEREST COMPOUNDED ANNUALLY {Conhnued) 

(Amounts are noted for the end of each year) 
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VALUATION, DEPRECIATION AND THE RATE-BASE 
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TABLE 21 . AMOUNT OF ONE DOLLAR AT INTEREST COM- 
POUNDED ANNUALLY (Concluded) 

(Amounts are noted for the end of each year) 


Years. 

12 per cent. 

15 per cent 

20 per cent 

25 per cent. 

I 

$I 12 

15 

$I 20 

$I 25 

2 

I 2544 

I 3225 

I 440 

I 5625 

3 

I 404928 

I 520875 

I 7280 

I 9 S 3 I 2 S 

4 

I 573319 

I 749006 

2 07360 

2 441406 

5 

I 762342 

2 OII357 

2 488320 

3 051758 

6 

I 973823 

2 313061 

2 983984 

3 814697 

7 

2 210681 

2 660020 

3 383181 

4 768372 

8 

2 475963 

3 059023 

4.299817 

5 960464 

9 

2 773079 

3 317876 

3 139780 

7-450581 

10 

1 3 105848 

4 045558 

6 191736 

9 313226 

II 

3-478530 

4-652391 

7 430084 

II 641532 

12 

3 895976 

5 350230 

8 916100 

14 55x915 

13 

4 363493 

6 152788 

10 699321 

18 189894 

' 14 

4 887112 

7 075706 

12 839185 

22.737368 

16 

5 473566 

8.137062 

15 407022 

28 421709 

i6 ' 

6 130394 

9.337621 

18 488426 

35 527137 

17 

6.866041 

10 761264 

22 186111 j 

44 408921 

i8 

7 .689966 

12 375454 

26 623333 

55 511151 

19 

8.612762 

14 231772 

31 948000 ^ 

69 388939 

20 

9.646293 

16.366537 

38 337600 

86 736174 

21 

10 803848 

18 821518 

46.005120 

108 420217 

22 

12 1003 10 

21 644746 

55.206144 

X 35 525271 

23 

13 552347 

24.891458 

66.247373 

169 406589 

24 

15 178629 

28,625176 

79.496847 

211 758236 

25 

17 000064 

32 918953 

95 396217 

264.697796 

30 

29.959922 

66 211772 

237-376314 

807.793567 

35 

52 799620 

133.175523 

590 668229 

2,465 190326 

40 

93 050970 

267.863546 

1,469.771568 

7,523-163845 

45 

163 .987604 

538.769269 

3,657,261988 

22,958 874023 

50 

289 002190 

1,083.657442 

9,100 438150 

70,064 923216 

60 

897.596933 

4,383 998746 

56,347 514353 

652,530 446800 

70 

2,787.799828 

17,735 720039 

348,888 956932 

6,077,163 357286 

80 

8,658.483093 

71,750.879401 

2,160,228 462010 

56,597,994 242667 

90 

26,891 934202 

290,272 325206 

13, 375»56s. 248934 

527,109,897.161526 

JOO 

83,522.265659 

1^174,313.450700 

82,817,974.522015 

4,909,093,465.297726 
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EXPLANATION OP TABLE 22 
The Present Value of One Dollar Due at a Future Date 

The present value of $i due at some future time is the sum 
which placed at compound interest will amount to $i at that 
time. 

The formula on which Table 22 is based is as follows: 

Let P represent the present value of $i due at the end of 
n years. 

Let n represent any number of years. 

Let i represent the interest rate expressed decimally as 0.05 
for 5 per cent. 

Then P = (24) 

Table 22 has been prepared for only a few selected years because 
the present value of $i due at a future time is also readily 
obtainable from Table 21. According to equation (23), A' may 
be substituted for (i + equation (24) may then be written: 



That is to say, the present value of $i due at any future time 
is the reciprocal of $i at compound interest for the same time. 

Example, — What is the present value of $600 due in 8 years 
at 4 per cent interest? 

From Table 21 the amount of $i at 4 per cent compound 
interest in 8 years is $1.368569, consequently the present value 
of $i due in 8 years will be 

I 1.368569 = 0.730690 

and the present value of $600 due in 8 years at 4 per cent will be 
0.730690 X 600 = $438.41, 

Note, — To find the present value of $i due at the end of 
any number of years n not noted in this table, select two or 
more lines from the table the sum of whose years is equal to n 
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and multiply the values found in the interest column on these 
lines. 

Example . — What is the present value of $i at 5% due in 
36 years? 

Present value of $i due in 30 years at 5% = 0.231377 
Present value of $i due in 6 years at 5% = 0.746215 
0.231377 X 0.746215 = $0.172657 the required present value. 



TABLE 22 . THE PRESENT VALUE OF ONE DOLLAR DUE AT A FUTURE DATE 
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TABLE 22. THE PRESENT VALUE OP ONE DOLLAR DUE AT A FUTURE DATE {Continued) 
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EXPLANATION OF TABLE 23 
The Amount of an Annuity of One Dollar 

An annuity is a sum uniform in amount due annually. 

The amount of an annuity in any term or number of years is 
the sum of the several annual installments with interest thereon 
during the term compounded annually. 

Table 23 shows the amount of an annuity of one dollar paid 
at the end of each year with the earned interest increments of 
each year added at the end of the year. 

To find the amount of an annuity of one dollar paid at the 
beginning of each year subtract $i from the figures noted in 
the table and the result will then apply at the beginning of each 
year, or, which is the same, at the end of the preceding year. 
Thus for 6 per cent interest at the beginning of the year i, the 
amount is zero; at the end of year ii, or beginning of the year 
12, it is $16.87 ““ — ^^5 87. 

The values given in Table 23 are calculated by the following 
formula: 

Let A" represent the amount of an annuity of one dollar 
paid at the end of each year. 

Let i represent the interest rate expressed in percentage, 
as 0.05 for 5 per cent. 

Let n represent the number of years. 

Then 

A" - (»6) 

I 

and it follows from equation (23) that: 

(27) 

i 

The amoimt of an annuity of $i paid at the end of each 
year can be found, in other words, from any table giving the 
amount of $i at compoimd interest by .subtracting $i from 
the amount found in the compound interest table and dividing 
the remainder by the rate of interest expressed decimally. 



3i8 valuation, DEPRECIATION AND THE RATE-BASE 

Example. — What is the amount of an annuity of $35 at the 
end of 17 years at 5 per cent interest? 

From Table 23 the amount of an annuity of $i for 17 years at 
5 per cent is found to be $25.84037, consequently the amount of 
an annuity of $35 will be 

35 X 25.84037 = $904.41. 

Or from Table 21 the amount of $i at 5 per cent compound 
interest for 17 years is found to be 2.292018, therefore, according 
to equation (27), 

A" = - ■ - =3.84036 

005 

and the amount of the annuity of $35 will be 
35 X 25.84036 = $904.41. 



(Annual Installments of One Dollar and Accrued Interest Installments at end of each year. 
Amounts are noted for the end of each year) 
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TABLE 23. AMOUNT OF AN ANNUITY OP ONE DOLLAR {Continued) 
(Annual Installments of One Dollar and Accrued Interest Installments at end of each year. 
Amounts are noted for the end of each year) 


320 VALUATION, DEPRECIATION AND THE RATE-BASE 



to fOOO HC 

to 

ot CO t^to 

H 

04 Nh to CN 


to to -c}' w 

VO 

VO 04 Ctvo 

0 


H to I>- 

CC 

t>-co »>• at 

CO 

CO H to 0 

JC^ 

r>. CO 0 

M 

w Th covo 

0 

+2 

CO cr> <N <N 

00 

0 CO coto 

0 

to 00 at to 

at 

C3t H 00 CO 

s 

to (Ot toto 

CO 

c 

H 0 N 

CO 

to otto to 

04 

CO 04 0 at 

at 

CO CO Ot 'tl‘ 

0 

CO H CN CN 

'd- 

0 

H t£5 Nl- fO 

■'i' 

C4 0 0 

CO 

CO to 0 


00 CN at M 

O' 

VO H 0 

CO 


H rJ-OO 

to 

0 to 0 to 

8> 

to H JC'^ 'Ct 

d 

to 04 H 

Ot 

CO 00 CO CO 

at 

to to tOtD 

to 

.t>.CO 00 

at 0 0 M 

04 

04 CO to 

to 

VO t'-CO C3t 

0 

to 


H H W 

M 

H H W W 


H H M 

CN 












’?}- 04 CO to 

4>. 

at to coto 

04 

t>. Nt- 0 04 

CN 

Ot at 0 ri- 

O' 

W CO 0 VO 

s? 

•4-5 

to CO fO 0 

0 

CO <N <N C4 

to 

at CO 04 Tl- 

CO 

to J>- 'tJ-OO 

at 

04 VD Ot CO 

0 

a 

0 H CO CO 


C4 to to 0 

to 

CO w 00 

0 

to "Ct-tD CO 

at 

00 04 O' (3t 

CO 

0 

H at 04 

g 

toto to CO 

at 

to Nj* coto 

S? 

Nf CN O'. M 


ot O'CO to 

0 

u 

to at 

0 

4>.<0 0 


M 0 H Tt* 

0 

00 ot 04 at 

CO 

0 CO tOOO 

to 


0 CO !>> 

H 


M 

to w to w 

i>. 

04 00 to M 

CO 

VO CO W ct 

CO 


Ti- to to to 

to 

to to 4>* 

00 

00 Ot at 0 

0 

H H CN CO 

CO 

tovo VO 

C' 

rt 




H 

M H H M 

HI 

H H H H 

H 

49- 



H CO Ot 

'ci- 

rf r" CO H 

04 

H to tJ- to 

04 

Ti- 0 00 CO 

at 

t'. (Ot H CO 

CO 


04 to 04 

ot 

CO to at 

04 

CO 04 CO M 

to 

toto coco 

CO 

to CO 04 

0 

« 

H rj- t^tO 

rj- 

00 H at 4>. 

04 

00 04 0 at 

to 

to <at 04 04 

lOt 

0 to CO CO 

4>. 

cu 

H CO 0 to 

00 

C4 0 0 to 

to 

at 0 4> 0 

CN 

04 M t-l M 

04 

O' 'tf VO CO 

to 


CO 0 ct Ot 

0 

CO t-> <N 00 

to 

to !>• at 

0 

CO 00 0 'Ct' 

0 

CO C3t CN 00 

VO 


Tj- 1>- at 04 

to 

ot <N to at 

CO 

i>* H to 0 

to 

at 'dh 0 to 

H 

VO CN lOt to 

CN 


Nt- to 

to 

toto to to 

O'- 

ji>.oo 00 at 

Ot 

ot 0 M M 

CN 

CN CO CO 

to 







H M M 


H H H W 

H 

4©= 


0 to CO 0 

CO 

0 W to 

H 

0 at M 

to 00 00 at 

00 

CO CO 

O' 

CO t^vo to 

H 


M 0 to CO 

to 

to Cl H 

0 

CN 

to coto CO 

tO> 

0 cjt CN (Xi 

at 

§ 

CO ot 0 0 

04 

Ot Tt* H CO 

Tf 

O-OO rj* 

0 

Ot f^co CsO 

H 

rj- 0 CO H 

t' 

u 

H to at iH 

04 

C4 CO ^ to 


0 to 04 CN 

to 

0 0 Tt CO 
tOtO 00 04 

CO 

00 toco 0 

C3t 


CO 04 Ot 

to 

CO CO 

to 

0 Nt- 0 

to 

O' 

NT CO coto 

CJt 

Ck 

H coto 00 

H 

'it 0 CO 

to 

0 CO 0 

rt* 

C50 04 to M 

to 

0 to 0 to 

0 

’ro 

rj- ’let’ ^ r;}' 

to 

to toto to 

to 

J>. 4>oo 

00 

00 Ot Ot 0 

0 

M H CN CN 

CO 







Ht 

W M H H 

H 




'■d* CO 04 to 

04 

00 to 'cl -00 

00 

CN to CO 

to 

0 0 at H 

VO 

to 0 0 to 

t'' 

♦ 

0 to otoo 


to 4>.00 H 

0 

at CN -nI- 04 

CN 

CO CN csO '«!■ 

CO 

to *cJ*vO 

00 

d 

CO at 0 00 

to 

^4 CM t>« 0 

CN 

to 'Ct* ot 

H 

CO CO coco 

cjt 

H to 00 0 

VO 


to 0 CO H 

0 - 

g 0 CO 

to 

t>> O', to CO 

0 

to 04 00 rit 

H 

0 at 0 -Nj- 

cot 

0 

14 

to t>- at 04 

to 

0 to 0 

"Ct 

04 M H 04 


to 0 ^ 0 

O' 

to CO 'Id' to 

t'. 

OJ 

00 0 <N to 

fv. 

0 CN to t>- 

0 

coto Ot 04 

to 

00 CN to cot 

CN 

VO 0 'ifCJO 

CN 

ro 

CO 'Ct- 

'cl- 

to to to to 

to 

to to to t" 

4>. 

1>.00 00 00 

at 

at 0 0 0 

H 









H H H 

H 



H 0 0 0 

0 

4>.C50 Nt Ot 

"7 

H to 0 00 

to 

04 M 0 04 

CO 

CO otoo 

to 

4-3 

4>- 0 00 CO 

x>. 

<>4 C4 0 OO 

04 

ri- Ot CO at 

to 

to 00 00 CO 

H 

0 CO to 0 

CO 

d 

H 04 OttO 

04 

g 0 C4 

00 

W CO 4>- 04 

CN 

cot 0 04 

VO 

•Nt t'' at H 

'ch 

0 

H H to to 

0 

0 to to H 

04 

0 CO 04 00 

0 

OO COtD to 

M 

tovo to CO 

00 

t4 

<D 

P. 

0 otoo 00 

Ot 

0 H cotO> 

ot 

CO 04 t-. 


0 00 to to 

to 

toto C50 H 

’'d* 

to at H 

CO 

to CO 0 C4 


!>. at 04 rt- 

x>- 

0 04 lOOO 

H 

'cf t'' 0 -'d' 

4>. 

CN 

CO CO CO '«t 

'tt- 

nJ- to to 

to 

10 toto to 

to 

O' O' !>• J>' 

CO 

00 CO at at 

at 


H 04 H CO 

00 

CO 0 

Nt- 0 toco 

00 

!>. to t|- Nj- 

CO 

04 N INlCi 

w 

VO 00 CN at 

0 


at CO 04 04 

0 


CO CN at 04 

cat 

0 04 rJ'tO 

t'. 

to H to to 

■d- 

§ 

0 '?}■ H 0 ^ 

4>. to Ot 

CO 

ot 4>. H CO 

Ni* 

"cJ- nJ- t1* !>. 

w 

0 04 cot 04 

CN 

0 i'' CO 0 

at 


to 

r- 04 H CO 

at 

at CO H CO 

0 

H to to 0 

COl 

CO H to '<d- 

t'' 

iH 

to CO 0 

to 

CO 04 H 0 

at 

a 0 H 04 

rt 

VO 00 H to 

QO 

coco CO at 

to 


CO to 0^00 

0 

IN Nl-tO 00 


IH NhtO CX) 

0 

04 Nt* !>. cot 

w 

'ci-to at H 

tJ* 

W 

CO 00 CO CO 

-cJ- 

rj- ri* 


to to to to 

to 

to to to VD 


t' t'. t'OO 

00 

i 

to i>-oo Ot 0 

H 04 CO Nj- 

10 

to t^c30 at 

40 

H 04 CO 
^ ^ ^ 

HO 

VO l>-00 ot 

s 


CJ 04 04 04 

CO 

CO 00 CO CO 

eo 

CO CO CO CO 


-nJ- rf 'it 'vl' 



TABLE 23. AMOUNT OF AN ANNUITY OF ONE DOLLAR {Continued) 
(Annual Installments of One Dollar and Accrued Interest Installments at end of each year. 
Amounts are noted for the end of each year) 


TABLES 


321 



0 M 


loto •d' 01 

CM 

0 to to d- 

H 

W H 0 VO 

H 

doO CM H 

CM 


M cT> iTi 

to 

«N to rt- 0 

!>. 

ot 0 CO CO 

0 

OtOO CO Ot 

to 

OtVD 00 CM 

!>. 


00 ro 


00 to H -d- 

CO 

CM to at CO 

00 

!"• at CO 0 

00 

d CM t'. 0 

CO 

0 

H 10 cn 


H to at 

00 

to t'-to at 

at 

COVD to to 

CM 

to 0 d r>- 

to 


00 00 i>> 


CO t^OO 

to 

CM 00 d- 0 

j>- 

VO VO at to 

to 

(Ot at dvD 

VD 

Sj 

Ck 

0 <N ^00 

(N 

t'- (N 00 to 

CO 

CM H CM d" 

to 

0 to H at 
00 0 CO to 

00 

00 0 d Ot 

VD 


(N ro ^-O 


00 0 H CO 

to 

tN. at w CO 

to 

00 

H tOOO H 

to 

(N CS M 

<N 

(N CO CO CO 

CO 

CO CO d" d" 

d* 

■d to to to 

to 

to to vD f'- 

r'. 


v£5 oO 

to 

X>- M 00 0 

to 

to 0 00 at 

CO 

CO J>» CO H 

00 

CM dtO 00 

VD 

4-5 

(X> r^<X3 CO 

at 

04 M (N to 

C3t 

CO 0 <M CX5 

00 

toco C4 to 

to 

00 CM 0 CO 

CO 

C 

to Thoo to 


-d- t>» Ot 'd• 

t.. 

to d- CM at 

4>. 

00 to to CO 

at 

COOO x>.tD 

$ 

0 

CO co “cf 


^>. CO C4 x>- 

at 

CM 00 0 0 

CO 

M 00 J>- CM 

to 

to w 0 VO 


10 0^00 H 

ot 

M at 04 0 

d* 

to H to to 

CM 

t" at 0 0 

00 

to d CM 0 

0 

a 

r^to to 

!>. 

cr> 0 coto 

C3t 

COOO CO at 

VO 

CO H H H 


COVD 0 to 

w 

HlN 

00 <n 0 M 

C't 

CO totO 

00 

0 M CO d- 

to 

CO 0 CM d- 
CO d- d d" 

VO 

00 0 CO to 

00 


W (H <N w 

W 

04 <N 04 04 

C4 

CO CO CO CO 

CO 

d 

d to to to 

to 


!>. <N w tD 


'd'tD J>«tO 

ot 

H CO to 0 

00 

CM 0 H to 

to 

00 VO CM 4>- 



!>. t>. CO CO 

M 

to 4>-tO to 

to 

CO !>• at 

CO 

H 00 at i>. 

d 

0 tooo J>- 

CO 

d 

CO rh M to 

at 

to Ot to 

0 

0 0 00 w 

00 

r>. j>. 0 

0 

CM to 00 d 

IH 


l>»tD to 'cj- 

to 

0 Ot T}- O'. 

at 

H to CM to 

to 

VO !>. CM H 

at 

to to C3t H 

CO 

0 

t>- H 00 CO 

w 

00 !>. H 00 

at 

to d-co to 

at 

0 ot CO 

CM 

00 0 00 d 

VD 

<u 

Q. 

Ti" oj 

M 

OtOO 00 !>. 

C'- 

CO at 0 CM 

d- 

t'* H d at 

d 

otto CM 0 

00 


totO t^CO 

at 

at 0 H 04 

co 

d- to t'.co 

Ot 

0 CM CO d- 

VO 

at H CO 

d 


M H H H 


w 04 04 04 

CM 

CM CM CM CM 

CM 

CO CO CO CO 

CO 

CO CO d d 

d 


'Cf totO 

at 

CO CO C4 0 

00 

!>. 0 H Ot 

00 

00 to Ot d 

VO 

otto 0 at 

H 

jj 

00 <N O' 0 

00 

0 CO Ot 04 

CO 

otco 0 to 

00 

to t '^00 00 

00 

to doO J>- 

Q 

d 

(N CO toco 

VO 

0 to 0 to 

to 

OtOO 00 CM 

CM 

ot cotO 0 

t>. 

0 CM to t" 

0 


00 to CO 

'd* 

00 ■d- to 0 
to to Ot 


d* d-oo CM 

to 

M 0 CM 0 

CO 

to to to t'^ 

CO 

u 

to CO CO ^ 

Ot 

to 

CO to Oi 


H 00 00 CM 

Ot 

0 to d 

to 


to <N 00 rt 

s 

r'-. H 00 

to 

d" CM 0 Ot 

00 

00 ^'.oo 

00 

Q H CO to 

00 


CO to 

to t^oo 00 

at 

0 H CM CM 

CO 

d" tovo 4>- 

00 

0 M CM CO 

d 

fO 

W 


M H H H 

M 

CM CM CM CM 

CM 

2 

2 

2 

2 

CM 

CO CO CO CO 

CO 


J>- 0 00 CTi 

<N 

C'>.00 CO CO 

? 

d- at at H 

vO 

d CM tovo 

VD 

Ot dto 00 

VD 


0 'ci- 

to 

O'. CO 0 -d- 

0 CO f" l>“ 


t'-VO tooo 

0 

OO CM CM CM 

00 

d 

8 

0 to i>* 

M 

COOO Q CO 
toco CO CO 

CO 

to CO <0 H 

CM 

CM t''. COtD 

d 

H f'. !>. at 

0 

00 cr> rt CO 

r>. 

to 

d- H to 0 

CO 

to ot d 0 

H w d Ot 

at 

H VD VD M 

CO 


H to CO M 

0 

M CO !>• CO 

0 

at 0 CM t'. 

CO 

to 

toto 0 

to 

a 

H to M 

to 

M to W O'. 

CO 

00 to H 

d- 

H 00 to CM 

0 

00 to to CO 

CM 

re 

H <N (N CO 

CO 

-d* "d" to to 

to 

VO t'^00 00 

at 

0 0 w CM 

CO 

CO d toto 

!>. 

M H H M 


M H H H 

H 

H H H H 


CM CM CM CM 

CM 

2 

2 

2 

2 

CM 



to (O' H Q 

ct 

Ot at CO M 

ot 

00 VO aoo 

CO 

at 0 vD 00 

H 

CM CM to H 

0 

4f 

Oit -cl-to 0 

at 

to to CO H 

to 

CO H to t" 

CO 

CM r>.vo CO 

H 

CM H CO to 

CO 

s 

H ri- to 

0 

Ot to H Ot 

H 

W H CO M 

00 

VD 00 00 CJt 

d 

vO otto H 

00 

0 

to to 

to 

CO C4 H Ot 

C5t 

Ot 0 CM to 

M 

at at CM 00 

00 

w 00 0 

00 

S-l 

"T 0 

to 

'd' ■d' toto 

at 

CO C3t to CM 

H 

0 M d J>- 

CM 

Otto VD VO 

00 

a 

0 'too w 

to 

Ot CO t'' H 

to 

0 't Cit d- 
-d to 

at 

d Ot d at 

to 

0 to CM 00 

d 


0 0 0 w 

w 

H CM 04 CO 

K? 

to 

vD to f'- 

00 

at at 0 0 

H 

w 

H H M H 

m 


H H H H 


M H H W 

H 

H H H H 

H 

H H CM CM 

CM 


cr> H !>• 

CO 

to CO c>4 d" 

d- 

CM H to 

VO 

00 to COOO 

H 

1>- CM VD CM 

!>. 


"t 0 

to 

CM d" Ct 00 

10 

to CM OQ to 

H 

to vD to r^ 

at 

d 0 H to 

t'. 

d 

0 to to CO 

to 

00 Ot H d- 

H 

CM at CM d" 

to 

00 CO CM to 

!>. 

i>. t'-OO CM 

H 

!>. H M 

00 

toco 00 CO 

to 

CO at 

CM 

d d H to 
t>. d CM 0 

t'- 

!>. to H to 

at 


<N 0 CO to 

to 

to toto 00 

0 

COtO 0 to 

H 

cn 

Ot 0 CM d 

t'. 


0 N to 

00 

H d* 0 

d* 

4>' 0 d* C" 

H 

dOO CM to 

at 

COOO CM to 

0 

N 

00 a» <7i cTi 

at 

0 0 0 W 

H 

H CM CM CM 

CO 

CO CO d d 

d 

to toto VD 

!>. 


K H H H 

H 

H H H H 

H 

H H H H 


H W H M 

W 











rt 

H <N CO 'd- 

ta 

to J>.00 Ot 

0 

(H CM CO d- 

to 

to 1>.00 Ot 

0 

H CM CO d 

LO 


to to to 

kO 

to to to to 

0 

to to VO VO 

CD 

to VO VD VO 


t-. t>. !>. J>. 




TABLE 23. AMOUNT OF AN ANNUITY OP ONE DOLLAR {Continued) 
(Annual Installments of One Dollar and Accrued Interest Installments at end of each year 
Amounts are noted for the end of each year) 


322 VALUATION, DEPRECIATION AND THE RATE-BASE 



1>00 Lo 

00 

COOO COOO 

H 

■'t to Tj* M 

CO 

lN.tO 00 CO 

to 

CN VD CO CD 

CN 


vO 0 

00 

0 CJ 1 H 'it 

IN. 

H CO to w 

N.- 

N- it a> to 

CO 

00 'd- 0 to 

to 

s 

OO <JD !>■ tN 

cs 

Ol CN 

00 

Tt- to CD IN 

0 

CO 0 0 to 

CD 

CN H H CO 

CN 

8 

ri- <N 0 0 

01 

JN-OO 'too 

0 

CO t" 'll' U" 

to 

CO M M to 

to 

t'- O' to 

0 

S3 

locD cr> 

H 

0 IN -t 

to 

00 .ch N.. 

rl- 

to 0 CD IN 

Q 

CO H to -Hi* 

0 

0 , 

CO M 

!>. 

CS IN 00 

'd- 

0 '"t M 

CO CO -c}- to 

CD 

C'.-tO 'Cl- Hi* 


•Hh toto 00 


10 

I>.00 CO 0 

at 

0 0 H M 


to 

to f'.OO CD 

0 

H CN CO 'd- 

to 

M H K H 

H 

H H M W 

H 

H W H M 

CN 

CN CN CN CN 

CN 













-t 0 ^ 

JN- 

00 IN to CO 

CO 

CO '•t to CO 

0 

H 'ti' IN 00 

CO 

H 0 CO CO 

0 

a 

M 0 LO Tj* 

!>. 

IN- 0 CO CD 

IN 

0 to 'It 'll- 

CD 

to I'- at CN 


to CN 0 

VD 


0 00 

to 

00 'too 00 

CO 

CD -tCO CD 

to 

0 0 CO 

00 

to XN.VO 00 

to 

t-1 

M 10 w H 

to 

CO t^tO <N 

to 

f^CO 00 CD 

CN 

00 T" 0 0 

to 

H to 0 

00 


00 0 

i3^ 

COOO to "t 

■ct- 

to 0 to 't 

to 

t'.. CN 0 0 

CN 

00 to 00 CN 

0 


0 couD at 

IN 

to CD CO 

M 

to 0 'cj- CD 

•hT 

at to H t'- 

CO 

CDVO CO w 

CD 


0 

JN- 

!>. IN-OO 00 

CD 

CD 0 0 0 

H 

H CN CO CO 

'd' 

'd' tovo t-- 

IN. 






H M H 


W H W M 

H 

W W H H 

M 














0 

00 to IN H 

H 

r.. M 0 CO 

CO 

t..O0 M CD 

to 

0 CDtO CO 

IN. 

d 

(£5 CD 0 H 

to 

•tto to 

0 

CO CD M t£> 

CO 

CN VO 0 CD 

'd- 

to IN.VO M 

CO 


J>. !>. I>-00 


CDtO at IN 

CD 

CO CD CO N- 

00 

0 00 CDtO 

00 

CDtO VO to 

CN 

0 

10 o; 0 

<N 

IN IN H H 

0 

H IN to w 

at 

H to 'Hl'OO 

I*- 

CN 'll- CO 0 

VD 

a 

t4. t>. CD 

H 

■too CO at 

to 

'It CO CO to 

IN- 

CN N- 'd' CN 

CN 

-d- r- CN at 

In- 


0 00 0 OJ 

to 

N- <T» O'! -t 


0 coto CD 

CN 

to at CO 

M 

to CD id-oo 

CO 


rt* liO to 

to 

to toto to 

to 

r>. t'.t JN« t'.- 

00 

00 00 CD CD 

0 

0 0 H M 

CN 








H 

H H H H 

H 

69= 


to H t>- H 

00 

to CS H 

'll* 

CO IN- t-^tO 

0 

CN CO -ittO 

00 

H I-, to 0 

rv. 

V 

00 <y> H 

to 

IN to CD 


to Ttoo 0 

to 

t'. CO 0 to 

0 

CO 'd' ^■- to 

M 

0 

<N 00 <M to 

0 

00 0 OD 

to 

00 to ot "it 

0 

H 0 CD 0 

00 

CN to 

M 

(h 

K 

CO to H 

CO 

Oi CN at CO 

CO 

CD Cl H 00 


CO CN 00 'C^ 

t-.. 

0 CN CO 'd' 

VO 

H to •«!i- 

CD 

.t M to 

CO 

H H W M 

CO 

tooo W to 

M 

00 to CO CN 

CN 


to i >>00 0 

H 

CO toto 00 

0 

Cl -cttC) 00 

5 

CN 'll- N.. Ol 

CN 

Hd- !>. 0 CO 

VO 


CO CO CO 

6^ 


■t Nl- "t 't 

to 

TO to to to 

to to to to 

t>. 

IN- U-CO 00 

00 


00 H 0 H 

0 

CD 0 CD to 

0 

t>- Nt 'Ct 0 

CD 

'Ch CD CN t". 

0 

CN U-- to Oi 



CD ':t <N 

CO 

CO 't CN 0 

N-. 

Cl 00 to to 

00 

CDOO 0 to 

CN 

0 to <000 

IN. 


0 to Q CO 

to 

0 «0 tooo 

to 

CD CDOO to 

rj* 

-Ct IN- to !>. 

I^- 

to CN H CN 

00 

0 

(-1 

00 01 0 0 

cO 

0 CD IN 00 

00 

H 00 CD ■'d' 

CO 

VO CO to H 

CN 

00 CD toto 

CN 

a 

H H H H 

H 

IN IN 't to 

N- 

0 Cl to CD 

CO 

IN. CN IN. CO 

CD 

to CN 0 00 

I-.. 

i 

00 0 % 0 W 

<N 

CO 't toto 

N- 

CD 0 H d 

'd' 

to t—oo 0 

M 

CO to D-00 

0 

<N <N CO CO 
69= 

CO 

CO CO CO CO 

CO 

CO Nt 'It 'll* 

'It 

-d- hI* to 

to 

to to to to 

to 

■g 

to 0 00 0 

i'* 

CO w to to 

to 

to -it CO to 

CO 

H f-OO IN 

CN 

00 'd'to H 

r-. 


0 OJ to CT> 

d 

IN IN to 0 

00 

toto to 0 

'Hi' 

CO CN CO t". 

-d* 

tooo 00 CO 

CiO 

0 

to (0»C0 rj* 

00 

CDOO to IN 

I>- 

CO CDtO to 

to 

00 'it CO t- 

to 

0 0 t- CN 


U 

K 

N rj- CO 

CO 

to CD to CO 

IN 

'Cf- N- CO H 

M 

COOO to -It 

VO 

IH 00 IN- 0 

to 

H "ct* H 

00 

to IN 0 00 

to 

■rj- IN H 0 

CD 

00 IN. !>. 


00 00 CD H 

CN 

"c? 

CI <N CO ^ 

rf- 

toto t" IN. 

00 

CD 0 H IN 

CN 

CO Ht toto 

r-. 

00 CD 0 CN 

CO 

IN (N <N 

69= 

(N 

IN IN IN CN 

IN 

IN CO CO CO 

CO 

CO CO CO CO 

co 

CO CO 'd' ■Hi'. 

Tt 


to 00 0 H 

0 

't fOOO to 

CD 

00 'tf- f" H 

IN. 

oo 00 0 at 

0 

fN-tO 'd' 1>* 

CO 

1 

H to cs 

IN 

I'.. 0 CN to 

CO 

to IN- IN. 0 

to 

H to M 

to 

KD CDtO CD 

CN 


0 H 0 a> 

JN. 

"t IN CDtO 

Nj- 

CN M H CO 

to 

CDtO 't to 

00 

'd' coto CN 

CO 

S3 

IN CO CJ> 

IN- 

to to to 00 

H 

to 0 to CO 

H 

0 H coto 

0 

to CO H H 

CN 

to at icfoo 

CO 

00 COOO CO 

CD 

'Hi' 0 '1^ H 


CO CD to H 

00 

'd' H 00 to 

CN 

CJ 

t^oo 00 

at 

CD 0 0 M 

w 

CN CO CO 'Hi' 

't 

to toto IN- 


00 CD CD 0 



H H H H 
69= 

M 

H IN IN IN 

IN 

IN IN IN IN 

CN 

IN CN CN CN 

CN 

CN CN CN CO 

CO 

§ 

to t^oo ot 


W 0 CO Nj- 

iO 

to r>.oo CD 

s 

W CN CO 'd' 

10 

to tr-co at 

100 


t>* t>» IN. t'<. 

00 00 00 00 

00 

0000 00 00 

ot a> CD a> 05 

at at Ot at 



TABLE 23. AMOUNT OF AN ANNUITY OF ONE DOLLAR {Continued) 
(Annual Installments of One Dollar and Accrued Interest Installments at end of each year. 


TABLES 323 




0 

0 

0 0 

0 

H !>. 0400 

C4 

t^CO H 00 

00 

CO 0 ^N 04 

0 

0 VO CS CO 

VD 



0 

0 

0 0 

H 

V£5 M CO 


M C4 4>. 04 

-ct* 

In tN H 0 

0 

VO In 0 CO 

0 


c 

0 

0 

0 w 

VO 

VO VO 04 


H T:i- C4 tJ- 

04 

<34 04 <34 

VO 

CS CS <0 IN 

In 


QJ 

0 

0 

H Tf 

0 

H 00 CO 

CO 

COOO w IN- 

0 - 

'ct' <34 VO 

In 

g 0 04 

d- 


0 

Ui 

0 

H 

fOVO 

H 

4>- VO 

04 

VO CO VO 04 

0-. 

04 VO VO M 

CS 

0 -d- VO rf 

CO 


K 

H 


CO 

VO 

04 w CO 

VO 

CO H 

H 

VO 0 VO w 

In 

st M 0400 

00 


0 





M W 

N 

W C4 (N C^ 

CO 

CO 'ct' VO 

VO 

VD In InCO 

04 



0 

0 

0 VO 


CO CO t>- ’'i- 

CO 

04 <C4 CO 04 

04 

0 0 -^VD 

CS 

CO "d* 'd' w 

0 


4-3 

0 

0 

H H 


CO 'Ct- rt* 0 

04 

C4 IN- CO H 

04 

'Cl- IN CO 

M 

VO CO 0400 

04 


C 

(U 

a 

0 

0 CO fo 

'Vf 

CO 0 00 w 

04 

0 Q CO 04 

0 

CO CO w 00 

0 

st CO H <314 

0 


0 

CT» 

00 

<N 0 *>4 C4 

04 

VO VO H 

VD 

6 In 0 w 

VD 

VD In COOO 

0 



0 

0 

01 

0 ^ 

VO 04 0 0 

M 

VO M 04 0 

CO 

0 04 CO 0 


InOO VO IN 

IN 


p. 

H 

<N 

CO 

VO 

i>. <04 M CO 

VO 

!>. 0 <N VO 

04 

COVD M CD 


VD CS 04VD 

d- 


03 

m 




M H 


H C4 C4 C4 

04 

CO CO "vt- 

VO 

vovD VD IN 

00 



0 

0 

0 tH 

0 

CO 0 covo 

VO 

04 CO 0 M 

H 

00 CO '<C^VD 

VO 

CS VD 0 vO 

d- 



0 

0 

ri- H 

VO 

0400 VO VO 

VO 

Th H CO 04 

H 

CS CS CS C4 

04 

04 In CO IN- 

04 

u 

a 

g 

0 VO VO 

VO 

VO C4 VO 4>. 

VO 

lO 10 rh 

04 

-cj- 0 0 VD 

M 

rs VD CO 

VO 

a 



CO 

rj- 0 

VO 

CO <N COCO 

00 

t}- !>- <04 M 

VO 

CS VO VO 

CO In 'id* 

VO 

CS VO (34VD 

0 


0 


0 

CS 1-0 

•CO 

CO 04V0 'iT 


VD 04 ■>d- CN 

H 

In 

st sJ-OO IN 

H 


Ut 

0) 

p. 

H 

M 

CO 

VO 

i >.00 0 CM 


VD 00 H 

IN. 

0 CO In H4 

VO 

0 VO 0 VD 

CO 


00 






w 

W M C4 C4 

CS 

CO CO CO 

Tt 

VO VOVD VD 

IN 

0 












03 














<D 






























Q 

Q 

0 ■'t 


04 04 0 04 

VO 

0 VO ri* 04 

04 

VO CS COVD 

04 

CO St "d* IN. 

d* 

a 


0 

0 

cr> 


C4 0 00 04 

'Ct- 

VD VD 

0 

0 CS 0 <34 

St 

H In M VD 

0 

a) 

d 

Q 

0 

'cf- <03 

0 

CO 'Cf 04 t>- 

VO 

COOO 0 0 

04 

00 0 0400 

VO 

VO VOVD VD 

<34 

<u 

(U 

0 


H CO 

VO 

VO VO VO 


00 00 VO 

04 

00 'd- <34 IN 

04 

VD 0 CO rN 

d- 



0 

0 

«N Tf 


M VD c^ <04 

00 

r^oo H VO 

H 

00 00 <04 CO 

04 

00 0 St M 

CS 

4J 

0 

p< 

H 

<N 

CO tJ- 

VO 

t^co 0 W 

CO 

VO t'- 0 C4 

VO 

IN 0 CO IN 

0 

-d- 04 coco 

CO 

V-t 

0 

<-M 

0 ) 






M M 


H M M C4 

04 

CS CO CO CO 


-.t -d- VO VO 

VD 














4-» 














0 














a 


0 

0 

CO r>. 


CO f>»vO VO 

04 

VD H H 04 

IN. 

H CS In C4 

M 

VO Tt St CO 

00 

0 

4-3 

0 

0 

<N H 

VO 

i>-oo 00 00 

'CT 

VO IN-CO <N 

H 

0 0 0 IN 

CO 

04D CS VD 

VD 

;h 

d 

0 

VO 0 % 

CO 

CO C4 VO M 


H 0 04 IN- 

04 

Th CO 0 VD 

VO 

00 H OO Tt- 

In 

03 

0 

0 VO 

cr» 0 

CTi 

VO C4 CO 

04 

IN. 04VD 

00 

VO 04 H M 

CS 

-d- 0 04 VO 

00 

w 


0 

0 

H 

VO 

0 VO 0 

Tj- 

CO CO ':!■ 

H 

In Tj- 10 

00 

CO H 0 CO 

CO 

•4-3 

0 

P( 

H 

04 

fO Tl- 

VO 

t>-CO 0 W 

CO 

VO IN- 04 H 

•ci- 

VO 04 CS VO 

00 

CS VD 0 d" 

00 







M M 

l-l 

HI H H <N 

04 

CS CS CO CO 

CO 

d- -d- VO VO 

VO 

0 

a 

< 

0 














0 

g 

0 04 

04 

C4 Tt 04 

04 

"Ci- IN 

In 

coco VO 04 

04 

CO 04 COOO 

w 




0 

0 

VO VO 

0 

COCO 'Cf CO 

t>. 

VD <34 M 0 

C74 

vooo VD 04 

VO 

IN CS 00 VO 

VO 


d 

n 

0 

CO "sh 


VO CO H 

0 

H <34 C4 VO 

VO 

CS CS VO <34 

VO 

CS CS VO VO 

rt 


0) 


VO 00 

CO 

04 04 04 

00 

IN-VD 00 H 

IN 

In H 0 VO 

00 

04 <34 04 M 

VD 



0 

0 

w CO 

VO 

04 COOO Tt- 

M 

0400 00 0 

04 

VD CS 04 In 

In 

04 CO <3400 

00 


S 

P 4 

H 

<s 

CO 

VO 

VO 00 04 H 

CO 

TtVO 00 H 

CO 

1000 0 CO 

VO 

04 COVD 0 

d* 


VO 





H 


H H H 

04 

CS CS CO CO 

CO 

CO st d" VO 

VO 



Q 

g 

CO t'- 

04 

VO 04 t^^VO 

VO 

0 <04 0 r- 

VD 

T}* 0 In 

CS 

00 H VO 0 

04 


ti 

0 

0 

0 C4 

0 

0 00 VO 

CO 

VO voCO VO 

VD 

H 'it CN VO 

CO 

0 COOO 0 

VO 


d 

Q 

VOCO <N 

H 

00 VO W VO 

VO 

CO VOVD C4 

00 

l-l VD H4 CS 

00 

VD d- H 00 

CS 


0 

Q 

tovO 

00 

00 VD C4 VO 


00 00 00 04 

0 

-d- O4C0 0 

VD 

00 VD H CO 

VO 



0 

q 

(H CO 

VO 

00 C4 *N 

00 

VO CO 04 <N 

-cf 

VD <34 M 

CO 

InOO H VO 

H 



H 

cs 

CO "Vt 

VO 

VO 00 04 M 

04 

t1-vD 00 0 

04 

■>d-VD 04 CS 


^ 0 i ^ 

H 







M 

M 

W M H C4 

CS 

CS CS CS CO 

CO 

CO d' sr d- 

VO 
















1 

W 

<N 

3 

4 

kO 

VO ^'00 04 

0 

H 04 CO "vf 

iO 

VD INOO 04 

s 

M CS CO d- 

10 







tH 

H H W M 

tH 

H H H H 

CS (Si CS <N 

03 



TABLE 23: AMOUNT OF AN ANNUITY OF ONE DOLLAR {Continued) 
(Annual Installments of One Dollar and Accrued Interest Installments at end of each year. 
Amounts are noted for the end of each year) 


324 VALUATION, DEPRECIATION AND THE RATE-EASE 



tJ- tJ- fo 

PI 

PI 0 

p^ 

H cn pooo 

VO 

w cn cnvo 

Ip 

CI VO Ip P- 

CO 


!>• 0^ 0^ 

0 

'ci' !>. VO I>- 

CO 

CO Tp rl- J[>. 

VO 

00 cnvo p^ 

00 

COOO CO VO 

VO 

"S 

H cr> cT» 0 


CO M vO 

"Vp 

vo cn CO p^ 

CI 

H VO Q 0 

Ip 

VO Ip PI cn 

00 

<D 

00 CTi 0 fO 

cn 

CO VO px 

CI 

PI CO 'vf 

cn 

VO CO 0 

0 

cn !>■ p^oo 

0 

0 

M 0 <N 


CJi H PI 

0 

H 0 0 ^ 

VO 

CO VD “^VD 

Gv 

P'- Gv H H 

cn 

1 

a> H tJ*co 

Ti- 

H W PI VO 

H 

cn 0 M 

CI 

I>- P^ CI CI 

00 

WHOP'* 

CO 

0 <N ro 

VO 

CO 0 PI Ti- 


cn COVO 0 

'=i* 

CO CO cn VO 

H 

cn P'VD VO 

VD 

0 

M H H H 


H PI Cl PI 

Cl 

PI CO CO 'ct- 

■Ip 

rj- VO VOVD 

P- 

P'-oo cn 0 











H 

H 


00 CO <N 


PI cn Cl 'ct- 

VO 

PI looo VO 


VO COVO P^ 

CO 

PI VO H VO 

VO 


C7> w <N CO 

VO 

PI CJi CO CO 

p^ 

p>» cn p^ 

Ip 

CO H VO P^ 

P^ 

0 P" Ipvo 

VO 

a 

CO COCO to 

P'- 

VOVO 0 PI 

0 

VO cnvo 

CI 

H CO VO M 

CO 

VD CI 0 VO 

CO 

(U 

M CO CO 

0 

P>- CO 0 CO 

H 

PI P^ PI vo 

00 

cn CI PI 

VO 

00 VO 00 VD 

00 

. 

CO 0^ H 

CO 

VO 0 CO cn 

P^ 

H COVO 0 

00 

PI vooO VO 

00 

w 00 PI 00 

0 

S 

0* 

CO PI <N ri- 

vO 

cn -vt cnvo 

VO 

VO CO PI cv 

p^ 

<n CO 0 M 

VO 

•cPVO Ipvo 

VO 

cn 

CD 0 H PI 

CO 

r}-vD P^ cn 

H 

CO vocO 0 

CO 

VO 0 ^00 

CI 

P*- CI 00 Ip 

H 

H H H 

w 

H M H M 

Cl 

PI Cl PI CO 

CO 

CO Ip Ip ''S’ 

VO 

vovo VO P** 

00 












PI CO 

tH 

p^ 'Jt PI p^ 

0 

VO Cl VO PI 

d 

■cp CI w VO 

CI 

p*. VOVD Ip 

VD 


•<ct' i>*co cn 

PI 

00 VOVD VD 

CO 

H CO cn PI 

VO 

0 VO 0 VD 

VO 

0 H H p**. 

H 

fl 

rj- 0 CO 

CO 

VO CO 0 VO 

0 

Cl 0 VO H 

VO 

H CO CO cn 

VO 

0 0 CI PI 

0 

8 

lO LO COLO 

CO 

rh H VO Cl 

w 

0 p- H 

VO 

CO ipco ij- 

0 

CI 0 CO Ip 



CO CO cn 

PI 

CO PI OVVO 

CO 

M 0 CO cn 

0 

p- CI VO cn 

VO 

Ip Gv H cO 

P*. 

8 

p< 

cyi Lo CO 

CO 

CO 'ch voco 

PI 

P'^ CO 0 00 

cn 

0 Ip cnvo 

VO 

00 PI 0 0 

CO 

00 

j^-oo oi 0 

H 

PI CO VO 


CO 0 PI CO 

VO 

00 0 PI VO 

00 

w VO cn CO 

x>. 

H 

M 

H H W M 

H 

M PI Cl PI 

CI 

CI CO PO CO 

CO 

Ip Ip Ip VO 

VO 


m 











N cy» CO 

at 

Th VO COVO 

CO 

VO 0 PI GV 

H 

P^ Ip 0 VO 

H 

VO cn cn 0 

CO 

. 

rtOO VO VO 


0 H p^ 

00 

rj- Tj* 0 PI 

H 

VO CI voOO 

CO 

p^ CO 0 0 

cn 


LO CO t^VO 

.2 

coco COOO 

VO 

PO p* H 0 

VO 

a% CI VO 0 

GI 

w Ip 0 cn 

00 

8 

i>.co 

p>. H CO VO 

CO 

M COVO 

CO 

0 CO P* CI 

Ip 

VO CI p*. cn 

CI 

VO “^vo CO 


0 PI cn PI 

Cl 

cn CO vovo 

VO 

vO VD P^ H 

t'. 

p^ CI CI cn 

VO 


CO 0 


PI 0 CO CO 

00 

00 0 PI VO 
Tfvo P^oo 

cn 

Ip 0 P^vD 

VO 

VD Gv COOO 

VD 


VO r^co CO 

Oi 

0 M H PI 

CO 

cn 

t-i CO IPVD 

00 

0 CI VO P^ 

0 




H H H W 

H 

W H H M 

H 

PI CI CI CI 

PI 

CO CO CO CO 

Ip 


00 00 cn 

VO 

CO CO H CO 

cn 

VO VOCO CO 

CI 

cn H CO PI 

cn 

00 0 PI P' 

t** 


coco 10 M 

00 

Cl VO p'. VO 

VO 

cn Cl CO VD 

cn 

cn H p^ p^ 

VO 

VD VO cn Ip 

VD 

8 

LOVO Cl Tf- 

*vj- 

cn CO VO VO 


VD CO VO CO 

w 

P* H CO M 

xp 

VO CI VO VO 

cn 

0 

H 10 COVO 

x>. 

00 CO CO PI 

CO 

cn PI p^ 

CO 

to VO 

CI 

CO VO Ip cn 

p- 

a 3 

a 

t^CO CO H 

cO 

cn 0 VO VO 

0 

0 p- 0 cn 

VD 

0 CI CO CO 

CO 

CO Ip p* CI 

H 

COOO ’vt 0 

VO 

Cl 0 P^ VO 


PO PI CO CO 

VO 

CO H VO 0 

VD 

CO w 0 H 

CO 


VO VO t-00 

00 

cn 0 0 t-t 

<N 

CO vovD 

p^ 

<0 0 W CO 

tP 

VD 00 0 PI 

Ip 

VO 



H H H 

M 

M H M H 

w 

W CI CI CI 

CI 

CI CI CO CO 

CO 


CO H 0 

CO H CO 

0 

00 CO VO VO 

00 

P^ Cl H VO 

p^ 

00 ipoo CO 

H 

PI M CO 0 

0 


K 

VO P^ H P^ 

P^ 

CO H Cl Tj* 

cn 

VO VO VO 0 

VO 

H VD VO Ip 

cn 

fl 

VO voco cr> 

00 

M cn CO CO 

'Ct‘ 

0 00 Thoo 

w 

P^ 0 P'00 

CO 

00 00 Ipoo 

VO 

8 

VO 0 P^ CO 

VO 

0 CO -^i-oo 


ci VO 0 VO 

VO 

•«:i- 10 0 VO 

Ip 

0 GVVO VO 

CO 

u 

H i>- vnvo 

0 

CO CiO CO H 

"ct- 

w ci cn 0 

p- 

0 cn VO P'- 

i>. 

VO 0 VO GV 

CO 

<D 

Oi 

CJV COCO CO 

CTi 

0 p- ^ 

H 

cn p>. VO VO 


vo VO p'. cn 

CI 

VD w D CI 

0 

VO 

lOVD VO 

W 

CO cn cn 0 

M 

M CI CO Th 

VO 

VD i>-oo cn 

M 

CI Ip VO P** 

cn 



1 H 

W 

W H H H 

H 

H H H M 

PI 

PI PI PI PI 

PI 



00 H H to 

00 

CO 0 vO PI 

VO 

cn p^ PI CO 

W 

PI VO OV p' 

p>. 

CI CO p- CO 

00 


CTV M VO CO 

■vf* 

VO P>. H 

PO 

IH CI CO M 

VD 

cn Ip cnvo 

M 

P' PI COVO 

Ip 

s 

VO CTi CO w 

VO 

cn P'. rf P>^ 

w 

VO P'- P^VO 

VO 

00 0 'O CI 

cn 

VO Ipoo CO 

P-. 

0 

VO CO CO H 

!2 

H P> PI P^ 

VO 

VO COOO CO 


H 0 P'* P' 

H 

Ipoo VO CO 

H 

u 

CTv at PI J>* 

T 

-cJ-vO PI 0 

PI 

P>.tO CO VO 

H H VO VO 

H 

PI cn CO Ip 

PI 

K 

Ti-OO CO 

PI 

P^ PI OO 

Q 

VD CO 0 00 

VD 

VO Ip CO CO 

Ip 

vovD cn PI 
coo W CO 

VD 


VO vovo VO 

p^ 

p>.co 00 cn 

0 

0 H CI PI 

CO 

voVO p'. 

00 


10 

w 



H 

W H H M 

H 

H H M H 

M 

w PI CI PI 

PI 

i 

VO t^OO GV 

w 

H PI CO Th 

10 

VO p^oQ cn 

40 

H CI CO Ip 
Ti- -^P -4 

10 

VD P-^oo cn 

S 


P» PJ PI N 

CO PO CO PO 

eo 

PO PO CO PO 

li* 

Ip Ip- Ip Ip 



TABLE 23. AMOUNT OF AN ANNUITY OP ONE DOIJLKR {Continued) 
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EXPLANATION OF TABLE 24 
Annuity Which Will Amount to One Dollar in a Given Time 


Table 24 shows the annual investment necessary to accumu- 
late one dollar in a given number of years at interest rates 
ranging from 2 to 10 per cent per annum. The annuity is as- 
sumed to be appKed at the end of each year. The table shows 
in each case the sum of the annual installments plus the interest 
earnings. 

This table is based on the following formula* 

Let aj represent the annual installment which at compound 
interest in n years will amount to $1. 

Let n represent the number of years required by the annuity 
to amount to $1. 

Let i represent the interest rate expressed in per cent, as 
0.05 for s per cent. 

Then 


an = 


(i + - 

and it follows from equation (26) that 


(28) 


dn — 




(29) 


In other words the annuity which will amount to $i in a 
given time can be found with the aid of a table showing the 
amount of an annuity of $1. It is the reciprocal of the latter. 

Example. — What annuity will amount at 5 per cent compound 
interest to $7500 in 31 years? 

From Table 24 the annuity which will amount to $i in 31 
years at 5 per cent is found to be o 014132. The annuity which 
will amount to $7500 in 31 years is, therefore, 

7500 X 0.014132 = $105.99. 

Or from Table 23 the amount of an annuity of $i for 31 
years at 5 per cent is found to be $70.76079, therefore, the 
annuity which will amount to $7500 in 31 years wiU be 


70.76079 


$105.99. 
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EXPLANATION OP TABLE 25 
The Present Value of an Annuity of One Dollar 


The present value of an annuity is the sum of the present 
values of the several annuity installments. 

The present value of an annuity of $i receivable at the end 
of each year is presented for a few selected years in Table 25. 
This table is based on the following formula: 

Let P' represent the present value of an annuity of 
receivable at the end of each year during n years. 

Let n represent any number of years, the term of the an- 
nuity. 

Let i represent the rate of interest expressed decimally; 
thus for 5 per cent, i = 0.05. 

Then: 


P' = 


I 

i 


I 

i (i + iT 



(i +») 


")■ 


(30) 


This equation may be written: 

(i +^r- 1 


X' 


« (i + if 

Or by reference to equations (23) and (24) 

A" 


P' = 


A' 


(31) 


(32) 


In other words the present value of the annuity of $i is the 
amount of an annuity of $i in ^ years divided by the amount 
of $i at compound interest in n years. 

The present value of an annuity of $i receivable at the end 
of each year is therefore ascertainable for any number of years 
to 100 from Tables 21 and 23 by dividing the amount of an 
annuity of $i found in Table 23 by the amount of $i at 
compound interest found in Table 21. 

Example. — What is the present value of an annuity of 
$53 receivable at the end of each year for 20 years at 5 per 
cent interest? 
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The amount of an annuity of $i for 20 years at 5 per cent 
interest is found in Table 23 to be $33.06595. The amount of 
$i at 5 cent compound interest for 20 years is found in 
Table 21 to be $2.653298, consequently, the present value of an 
annuity of $i at 5 per cent for 20 years: 

33-°6595 -i- 2.653298 = $12.46221. 

And the present value of the annuity of $53 for 20 years is 
12.46221 X 53 = $660.50. 



TABLE 25. THE PRESENT VALUE OP AN ANNUITY OP ONE DOLLAR 
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TABLE 25. THE PRESENT VALUE OP AN ANNUITY OP ONE DOLLAR (Continued) 
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340 VALUATION, DEPRECIATION AND THE RATE-BASE 


EXPLANATION OF TABLE 26 
The Annuity Which $i Will Purchase 


The annuity receivable at the end of each year which $i 
will purchase is noted in Table 26. 

This table contains the reciprocals of the numbers appearing 
in Table 25. It is based on the following formula; 

Let a„" represent the annuity receivable at the end of each 
year which $i will buy for n years. 

Let n represent any number of years, the term of the annuity. 
Let i represent the rate of interest expressed decimally; 
thus for 5 per cent, i = 0.05. 

Then: 


//_ f (i + iT 
(i -I- i)” - I 

And by reference to equations (23) and (24) 


(33) 




AL 

A"' 


(34) 


In other words the annuity receivable at the end of each year 
which $i will buy for n years is the amount of $1 at com- 
pound interest divided by the amount of an annuity of $i in 
n years. 

The annuity which $i will purchase for any number of years 
is, therefore, ascertainable from Tables 21 and 23 by dividing 
the amount of $i at compound interest found in Table 21, 
by the amount of an annuity of $i found in Table 23. 

Example, — What annuity for 20 years can be purchased for 
$500 at 5 per cent interest? 

The amount of $i at 5 per cent compound interest for 20 
years in Table 21 is found to be $2.653298. The amount of an 
annuity qi $i for 20 years at 5 per cent interest, as found in 
Table 23, is $33.06595; consequently the annuity which $i 
will purchase for 20 years at 5 per cent is 

2.653298 ^ 33-06595 = 0.0802426. 

And the annuity which can be purchased for $500 will be 
0.0802426 X 500 = $40.12. 



TABLE 26. THE ANNUITY WHICH ONE DOLLAR WILL BUY 
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EXPLANATION OP TABLE 27 
Amortization and Depreciation 

Definitions of amortization and depreciation have already been given 

Table 27 is an amortization table or a set of tables computed 
for the interest rates 4 per cent to 7 per cent per annum and for 
all terms of indebtedness, terms of bonds or probable life terms 
of perishable articles, from 2 to 75 years, which are likely to come 
under consideration. 

By adding to this table headings at the bottom of the columns 
it has also been made convenient for use as a depreciation table. 
Care must be taken in its use to preserve the distinction indicated 
by the top and bottom headings and not to assume that the 
years of expectancy in the last column apply to the age or number 
of years noted in the first column. 

All values noted in this table are referred to $100 as the basic 
amount in order that the figures in the table may be used as 
percentages when so desired. 

The table has been computed by the use of the following 
formulae which may be used when values are to be ascertained 
for interest rates or terms not covered by the table. 

Let an be the amortization installment which must be in- 
vested annually in order to amount at compoimd interest 
to I ICO in n years. 

Let i be the interest rate expressed decimally (thus 0.05 for 
5 per cent). 

Let Am he the accrued amortization in m years when the 
annual amortization installment is an and the interest 
rate is i. 

Let m be any number of years. 

Let n represent the amortization term expressed in years. 

Let am be the current amortization in the mth year, i,e,, the 
amortization increment an plus interest on the amortiza- 
tion fimd already accumulated. 

Let e be the remaining years of usefulness of any article 
whose probable life new is n years. 
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The basic formula for $ioo derived from (28) from which all 
other formulae are derived will be 

‘ 100 i , . 

{ i + iY-i 

Note. — This formula is for the special case in which the 
amount of the annuity is $ioo which fact should not be over- 
looked in applying it. 

The accrued amortization in m years will be: 

A ^ L 9o _(,L±- ^ )!L:Li. (',6') 

(i -t- i)’* - I 

The remaining investment at the end of the mth. year will be : 


100 ~ An 


100 


"t _ (i + iY - i ] 
L (i-bfr-ij 


The current amortization am in the wth year will be: 


n r (l - - (l + 

dm — 100 / I 

L (l -h^)^ - I J 


(37) 


(38) 


For depreciation these formula may be written as follows: 
The basic depreciation increment for a value of $ioo will be: 

ICO i / N 

1 ' 

The accrued depreciation will be: 

100 (i + — I 


Am — 


(i -b i)” - I ■ 

The remaining or present value at the time when the expect- 
ancy is e years will be 


ICO 


V+r-.'} 

The current annual depreciation when the expectancy is e 
years will be 

r(i + i)"- _ (i + ^ ^ 

— (i+ir-i J- 

The remaining value of any perishable article depends upon 
the cost, all circumstances considered, of replacing it when it 
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ceases to be useful, and the time when the article will go out of 
use. But this value is dependent too upon the probable life of 
a new article of the same kind. The remaining value of several 
articles with the same expectancy of which one is in the 
lo-year life class, another in the 20-year class and another in the 
40-year class will not be the same, because the proportional serv- 
ice yet to be expected when compared with that of new articles 
will, in these cases, vary inversely as 10 to 20 to 40, and the 
remaining values will depart widely from each other. If the 
expectancy, for example, of each of three such articles is 5 years, 
and 6 per cent interest be made the basis of the calculation, the 
remaining values will be 57.23 per cent, 36.73 per cent and 28.00 
per cent of the cost of replacement. The article with the prob- 
able life new of 10 years has the highest value for the reason 
that its remaining service years are a larger proportion of its 
probable life new than in the case of the other two articles with 
longer probable life new. 

Illustration of the Use of Table 27 

What amount at the end of the 26 th year will be in a sinking 
fund for the retirement of a bond issue of $100,000 running 40 
years, if the money accumulating in the sinking fund earns 6 
per cent per annum? 

On page 361 in the 40-year Ufe section of Table 27 at year 27 
(begixming of year 27 is the end of year 26) in the left-hand 
column, the accrued amortization in the 6 per cent column 
for each $100 will be found to be $41.1637. Consequently, 
the amount in the sinking fund to retire $100,000 wiU be 
$41,163.70. The amount which will be added to the sinking 
fund in the 27th year will be $2939.60. 

Let it be assumed that by any means, such as inspection by 
experts, the probable remaining term of usefulness of an electric 
generator 13 years old has been found to be ii years and that 
the type of generator to which it belongs has a probable life new 
of 20 years. What at 6 per cent interest is the accrued deprecia- 
tion if the cost of the generator was $3000 and what is its re- 
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maining value if the cost of replacement at the end of its period 
of usefulness may be estimated at $2500? 

On page 353 in the 20-year life section of Table 27 at ii years 
in the right-hand column there are found in the column with the 
bottom heading “Present Value’’ the figures 68.7614 which 
represent percentage. The remaining value estimated from cost 
would be 0.687614 X 3000 = $2062.84; consequently the accrued 
depreciation, estimated from cost, would be 3000 — 2062.84 
= $937.16. The remaining value estimated from the cost to 
replace will be 0.687614 X 2500 = $1719.04. 

The actual accrued depreciation, therefore, will be 
3000 — 1719.04 = $1280.96. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 
The Current Annual and Total Amortization and the Remaining Invest- 
ment also the Current Annual and Accrued Depreciation and the Present 
Value for Each |ioo of Bonds or of Investment. 


Computed by the compound interest sinking fund method 


Year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year. 

Remaining 
investment 
beginmng 
of year. 

1 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year. 


2 Year Life 

2 Year Life 


4 per cent 

S per cent. 

1 

I 

$100 0000 

$49 0196 

$49 0196 

$100 0000 

I48 7S05 

$48 7805 

2 

2 

50 9804 

50 9804 

100 0000 

51 2195 

51-2195 

100 0000 

I 


[ 6 per cent. 

7 per cent. 


I 

8 

8 

8 

M 

$48 5437 

*48 5437 

8 

8 

8 

$48 3092 

$48 3092 

2 

2 

1 SI 4563 

SI 4563 

100 0000 

51 .6908 

51 6908 ^ 

100 0000 

I 

3 Year Life 

3 Year Life 


4 per cent 

5 per cent 


I 

$100 0000 

I32 0349 

I32 0349 

$100 0000 

$3 I 7209 

$31 7209 

3 

2 

67 9651 

33 31S2 

65 3 SII 

68 2791 

33 3069 

65 0278 

2 

3 

34 6489 

34 6489 

100 0000 

34 9722 

34 9722 

100 0000 

I 


6 per cent. 

7 per cent | 


I 

$100 0000 

$31 4iro 

$31 4110 

$100 0000 

$31 1052 

$31 1052 

3 

2 

68.5890 

33 2956 

64 7066 

68 8948 

33 2825 

64 3877 

2 

3 

35 2934 

35 2934 

100 0000 

35 6123 

35 S123 

100 0000 

I 

4 Year Life 

' 4 Year Life 


4 per cent 

5 per cent 


I 

$100 0000 

I23 5490 

$23 5490 

$100 0000 

$23 2012 

$23 2012 

4 

2 

76 4510 

24 4910 

8 0400 

76 7988 

24.3612 

47 5^24 

3 

3 

51 9600 

25 4706 

73 5106 

52- 376 

25 5793 

j 73-1417 

2 

4 

26 4894 

26 4894 

100 0000 

26 8583 

26 8583 

100 0000 

I 


1 6 per cent 

. 7 per cent. ! 


I 

^100.0000 

$22 8591 

$22 8591 

$100.0000 

$22 5228 

$22 5228 

4 

2 

77.1409 

24 2307 

47 0898 

77 4772 

24 0994 

46 6222 

3 

3 

52 9102 

25 6845 

72 7743 

53-3778 

25 7864 

72 .4086 

2 

4 

27 2257 

27.2257 

100 0000 

27 5914 

27.5914 

100 0000 

I 


Present 

value. 

Current 
depreciation 
during year. 


Present 

value. 

Current 
depreciation 
during year. 


Expect- 

ancy 

Years. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Contimiei) 


Year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year. 

Total 
amortiza- 
tion end 
of year 


5 Year Life 

5 Year Life 


4 per cent 

5 per cent 


I 

$100 0000 

$18 4627 

$18 4627 

H 

8 

8 

0 

0 

|i8 097s 

s$lS 0975 

5 

2 

81 5373 

19 2012 

37 6639 

81 9025 

19 0023 

37 0998 

4 

3 

62 3361 

19 9693 

57 6332 

62 9002 

19 9525 

37 0523 

3 

4 

42 3668 

20 7680 

78 4012 

42 9477 

20 9501 

78 0024 

2 

6 

21 5988 

21 5988 

100 0000 

21 9976 

21 9976 

100 0000 

I 


6 per cent 

7 per cent 


I 

|loo 0000 

I17 7396 

I17 7396 

i 

0 

0 

M 

$17 3S9I 

$17 3S91 

5 

2 

82 2604 

18 8041 

36 5437 

82 6109 

18 6063 

35 9934 

4 

3 

63 4563 

19 9322 

36 4759 

64 0046 

19 9087 

35 9041 

3 

4 

43 5241 

21 1282 

77 6041 

44 0959 

21 3024 

77 2065 

2 

6 

1 22 3959 

22 3959 

100 0000 

22 7935 

22 7935 

100 0000 

I 

6 Year Life 

6 Year Life 


4 per cent 

S per cent 


I 

$100 0000 

$15 0762 

liS 0762 

$100 0000 

$14 7017 

$14 7017 

6 

2 

84 9238 

IS 6792 

30 7554 

85 2983 

13 4368 

30 1385 

5 

3 

69 2446 

16 3064 

47 0618 

69 8615 

16 2087 

46 3472 

4 

4 

52 93S2 ' 

16 9587 

64 0205 

53 6328 

17 0191 

63 3663 

3 

5 

35 9795 

17 6370 

81 6375 

36 6337 

17 8701 

81 2364 

2 

6 

18 3425 

18 3425 

100 0000 

18 7636 

18 7636 

100 0000 

I 


6 per cent 

7 per cent 


I 

$100 0000 

^14 3363 

^14 3363 

$100 0000 

$13 9796 

$13 9796 

6 

2 

85 6637 

15-1964 

29-5327 

86 0204 

14 9 SSi 

28 9377 

5 

3 

70 4673 

16 1082 

45 6409 

71 0623 

16 0052 

44 9429 

4 

4 

54 3591 

17 0747 

62.7156 

55 0571 

17 1256 

62 .0685 

3 

6 

37 2844 

18 0992 

80.8148 

37 9313 

18 3244 

80 3929 

2 

6 

19 1852 

19 1852 

100 0000 

19 6071 

19 6071 

100 0000 

I 


Present 

value. 

Current 

depreciation 


Present 

value. 

Current 

depreciation 


Expect- 

ancy. 


during year 


dunng year 


Years- 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

(Conhnued) 


Year. 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza^- 
tion end 
of year. 

Remaimng 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year. 


7 Year Life 

7 Year Life 


4 per cent. 

5 per cent. 


I 

$100 0000 

$12 6610 

$12 6610 

$100 0000 

$12 2820 

$12 2820 

7 

2 

87 3390 

13 1674 

25 8284 

87 7180 

12.8961 

I 25 1781 

6 

3 

74 1716 

13 6941 

39 5225 

74 8219 

13 5409 

! 38 7190 

6 

4 

60 477S 

14 2419 

S 3 7644 

61 2810 

14 2179 

52 9369 

4 

5 

46 2356 

14 8115 

68 5759 

47 0631 

14 9288 

67 8657 

3 

6 

31 4241 

15 4040 

83 9799 

32 1343 

IS 6753 

83 S 4 IO 

2 

7 

i 16 0201 

16 0201 

100 0000 

16 4590 

16 4590 

100 0000 

I 


6 per cent 

7 per cent. 


I 

$100 0000 

$II 9135 

$II 9135 

$100 0000 

$ii 5553 

III 5553 

7 

2 

88 0865 

12 6283 

24 5418 

88 4447 

12 3642 

23 9195 

6 

3 

75 4582 

13 3860 

37 9278 

76 0805 

13 2297 

37 1492 

5 

4 

62 0722 

14 1892 

52 1170 

62 8508 

14 1558 

51 3050 

4 

5 

47 8830 

15 0405 

67 1575 

48 6950 

15 1467 

66 4517 

3 

6 

32 842s 

15 9430 

83 1005 

33 5483 

16 2069 

82 6586 

2 

7 

16 8995 

16 8995 

100 0000 

17 3414 

17 3414 

100 0000 

I 

8 Year Life 

8 Year Life 


4 per cent. 

S per cent. 


I 

j 

$100 0000 

1 

$10 8528 

$10 8528 

$100 0000 

$10 4722 

$10 4722 

8 

2 

89 1472 

II 2869 

22 1397 

89 5278 

10 9958 

21 4680 

7 

3 

77 8603 

II 7384 

33 8781 

78 5320 

II 545 ^ 

33 0136 

6 

4 

66 1219 

12 2079 

46 0860 

66.9864 

12 1229 

45 1365 

5 

5 

53 9140 

12.6962 

58 7822 

54 863s 

12 7290 

57 8653 

4 

6 

41 2178 

13 2041 

71 9863 

42 1345 

13 36 j 4 

71 2309 

3 

7 

28 0137 

13 7322 

8s 718s 

28 7691 

14.0337 

85 2646 

2 

8 

14 2815 

14 2815 

100 0000 

14 7354 

14 7354 

100 0000 

I 


Present 

value 

Current 
depreciation 
during year. 


Present 

value. 

Current 
depreciation 
during year 


Expect- 

ancy. 

Years, 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 


Year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year. 


8 Year Life 

8 Year Life 


6 per cent 

7 per cent 


I 

$100 0000 

|io 1036 

$10 1036 

$100 0000 

$ 9 7468 

$ 9 7468 

8 

2 

89 8964 

10 7098 

20 8134 

90 2532 

10 4290 

20 1758 

7 

3 

79 1866 

II 3524 

32 1658 

79 S242 

II 1591 

31 3349 

6 

4 

67 8342 

12 0335 

44 1993 

68 6651 

II 9402 

43 27 SI 

5 

6 

SS 8007 

12 7556 

S6 9549 

5S.7249 

12 7760 

56 0511 

4 

6 

43 0451 

13 5209 

70 4758 

43 9489 

13 6704 

69 7215 

3 

7 

29 5242 

14 3321 

84 S079 

30 2785 

14 6273 

84 3488 

2 

8 

15 1921 

15 1921 

100 0000 

15 6512 

IS 6312 

100 0000 

I 

9 Year Life 

9 Year Life 


4 per cent 

1 5 per cent 


I 

$100 0000 

$ 9 4493 

^ 9 4493 

$100 0000 

1 9 0S90 

$ 9 0690 

9 

2 

90 SS07 

9 8273 

19 2766 

90 9310 

9 5225 

18 S 9 IS 

8 

3 

So 7234 

10 2204 

29 4970 

81 4085 

9 99S6 

28 5901 

7 

4 

70 5030 

10 6292 

40 1262 

71 4099 

10 4985 

39 0886 

6 

5 

S 9 S738 

II 0543 

SI 1803 

60 9114 

II 0234 

50 1120 

5 

6 

48 8195 

II 496s 

62 6770 

49 8880 , 

II 5746 

61 6866 

4 

7 

37 3230 

II 9564 

74 6334 

38 3134 

12 IS 33 

73 8399 

3 

8 

25 3666 

12 4346 

87 O6SO 

26 1601 

12 7610 

86 6009 

2 

9 

12 9320 

12 9320 

100 0000 

13 3991 

13 3991 

100 0000 

I 


6 per cent 

7 per cent. 


I 

$100 0000 

$ 8 7022 

$ 8 7022 

$100 0000 

f 8 3486 

$ 8 3486 

9 

2 

91 2978 

9 2244 

17 9266 

91 6314 

s 9330 

' 17 2816 

8 

3 

82 0734 

9 7778 

27.7044 

82 7184 

9 55S4 

26 8400 

7 

4 ^ 

72 2956 

10 3645 

38 0689 

73 1600 

1 10 2275 

37.0673 

6 

5 

61 9311 

10 9864 

49 0553 

62 9325 

: 10 9434 

48.0109 

5 

6 

' 50 9447 

11.6433 

60 , 7008 

SI 9891 

II 7094 

S 9 7203 

4 

7 

39 2992 

12 3443 

73 0451 

40 2797 

12,5291 

72 2494 

3 

8 

26 9S49 

13 0849 

86 1300 

27 7506 

13.4061 

8S.6SSS 

2 

9 

13 8700 

13 8700 

100 0000 

14 3445 

14 3445 

100 0000 

I 


Present 

value. 
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depreciation 
during year. 


Present 

value. 
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during year. 


Expect- 

ancy, 

Years, 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 



Remaining 


Total 

Remaining 


Total 


Year. 

investment 
beginning 
of year 

tion during 
year. 

amortiza- 
tion end 
of year 

investment 
beginning 
of year 

tion during 
year 

amortiza- 
tion end 
of year. 


10 Year Life 

10 Year Life 


4 per cent 

S per cent. 


I 

$100 0000 

$ 8 3291 

$ 8 3291 

$100 0000 

1 7 9505 

1 7 9505 

10 

2 

91 6709 , 

8.6623 

16 9914 

92 049s 

8 3480 

16 2985 

9 

3 1 

83 0086 

9 0088 

26 0002 

83 7015 

8 7654 

25 0639 

8 

4 

73 9998 

9 3690 

35 3692 

74 9361 

9 2037 

34 2676 

7 

5 1 

64 6308 

9 7439 

45 1131 

85 7324 

9 6638 

43-9314 

6 

6 

54 8869 

10 1336 

55 2467 

$6 0686 

10 1470 

54.0784 

5 

7 

44 7533 j 

10 5389 

65 7856 

45 9216 

10 6544 

64 7328 

4 

8 

34 2144 I 

10 9606 

76 7462 

35 2672 

II 1871 

75 9199 

3 

9 

23 2538 1 

II 3989 

88 1451 

24 0801 

11 7464 

87 6663 

2 

10 

II 8549 

II 8549 

100 0000 

12 3337 

12 3337 

100 0000 

I 


6 per cent 

7 per cent 


I 

$100 0000 

$ 7 5868 

$ 7 5868 

$100 0000 

1 7 2377 

,$ 7 2377 

10 

2 

92 4132 

8 0420 

15 6288 

92 7623 

7 7444 

14 9821 

9 

3 

84 3712 

8 5245 

24 1533 

8s 0179 

8 2865 

23 2686 

8 

4 

75 8467 

9 0360 

33 1893 

76 7314 

8 8666 

32 1352 

7 

5 

66 8107 

9 5782 

42 7675 

67 8648 

9 4872 

41 6224 

6 

6 

57 232s 

10 1528 

52 9203 

, 58 3776 

10 1513 

51 7737 

5 

7 

47 0797 

10.7620 

63 6823 

48 2263 

10 8619 

62 6356 

4 

8 

36 3177 

II 4078 

75 0901 

37 3S44 

II 6223 

74 2579 

3 

9 

24 9099, 

12 0922 

87 1823 

25 7421 

12 4358 

86 6937 

2 

10 

12 8177 

12 8177 

100 0000 

13 3063 

13 3063 

100.0000 

I 

IS Year Life 

15 Year Life 


4 percent 

5 per cent. 


I i 

llOO 0000 

$ 4 9941 

$ 4 9941 

fioo 0000 

$ 4 6342 

S 4 6342 

15 

2 

95 0059 

5 1939 

10 1880 

95 3658 

4 8660 

9 5002 

14 

3 

89 8120 

5 4016 

15-5896 

90 4998 

5 1092 

14 . 6094 

13 

4 

84 4104 

5 6177 

21 2073 

85 3906 

5.3646 

19 9740 

12 

6 

78 7927 

5 8424 

27 0497 

80 0260 

5 6330 

25 6070 

II 

6 

72 9503 

6 0760 

33 1257 

74 3930 

5 9146 

31 5216 

10 

7 

66 8743 

6 3192 

39 4449 

68 4784 

6 2103 

37 7319 

9 


Present 

value 

Current 

depreciation 


Present 

value. 
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depreciation 


Expect- 
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durmg year 
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Years. 
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TABLE 27 . AMORTIZATION AND DEPRECIATION TABLES 

(Conhnued) 


Year. 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year. 

Total 
amortiza- 
tion end 
of year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 


IS Year Life 




15 Yeai 

i Life 


4 per cent. 

5 per cent 


8 

$60 5551 

$6 5719 

$46 0168 

$62 2681 

$6 5209 

$44 252S 

8 

9 

S 3 9832 

6 834S 

52 8516 

ss 7472 

6 846S 

51 0996 

7 

10 

47 1484 

7 1081 

59 9597 

48 9004 

7 1892 

58 2888 

6 

II 

40 0403 

7 392s 

67 3522 

41 7112 

7 5487 

65 8373 

6 

12 

32 6478 

7 6882 

75 0404 

34 1625 

7 9261 

73 7636 

4 

13 

24 9596 

7 9957 

83 0361 

26 2364 

8 3224 

82 0860 

3 

14 

16 9639 

8 3156 

91 3517 

17 9140 

8 7385 

90 8245 

2 

16 

8 6483 

8 6483 

100 0000 

9 1755 

9 1755 

100 0000 

I 


6 per cent 

7 per cent 


I 

$100 0000 

I4 2963 

$ 4 2963 

$100 0000 

1 3 9795 

S 3 9793 

16 

2 

95 7037 

4 5540 

8 8503 

96 0205 

4 2580 

8 337 S 

14 

3 

91 1497 

4 8273 

13 6776 

91 7625 

4 SS6i 

4 8750 

12 7936 

13 

4 

86 3224 

5 1170 

18 7946 

87 2064 

17 6686 

12 

5 

81 2054 

5 4239 

24 2185 

82 3314 

5 2162 

22 8848 

II 

6 

75 781s 

S 7493 

29 9678 

77 1152 

S 3814 

28 4662 

10 

7 

70 0322 

6 0944 

36 0622 

71 3338 

5 9722 

34 43 S4 

9 

8 

63 9378 

6 4601 

42 5223 

65 5616 

6 3901 

40 8285 

8 

9 

57 4777 

6 8476 

49 3699 

59 1715 

6 8375 

47 6660 

7 

10 

50 6301 

7 2584 

56 6283 

$2 3340 

7 3160 

54 9S20 

6 

II 

43 3717 

7 6941 

64 3224 

45 0180 

7 8282 

62 8102 

6 

12 

35 6776 

8 iSSS 

72 4779 

37 1898 

8 3762 

71 1864 

4 

13 

27 5221 

8 6450 

81 1229 

28 8136 

8 9625 

80 1489 

3 

14 

18 8771 

9 1636 

90 2865 

19 8511 

9 5899 

89 7388 

2 

16 

9 713s 

9 713s 

100 0000 

10 2612 

10 2612 

100 0000 

I 

20 Year Life 

20 Year Life 


4 per cent. 

5 per cent 


I 

$100 0000 

^3 3582 

1 3 3582 

|loo 0000 

I3 0243 

$ 3 0243 

20 

2 

96 6418 

3 4925 

6 8507 

96 9757 

3 1755 

6 1998 

19 

3 

93 1493 

3 6322 

10 4829 

93 8002 

3 3342 

9 5340 

18 

4 

89 5171 

3 777 S 

14 2604 

90 4660 

3 5010 

13 0350 

17 

6 

8s 7396 

3 9286 

18 1890 

86 9650 

3 6760 

16 7110 

16 

6 

81 8110 

4 0857 

22 2747 

83 2890 

3 8598 

20 5708 

16 


Present 

Current 

depreciation 


Present 

value 

Current 

depreciation 


Expect- 

ancy. 



during year. 


during year. 


Years. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 


Year. 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year. 

Remaining 
mvestment 
begmmng 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 


20 Year Life 

20 Year Life 


4 per cent. 

S per cent. 


7 

$77 

7253 

$4 

2492 

$26 

5239 

®79 

4292 

$4 

0528 

$24 .6236 

14 

8 

73 

4761 

4 

4191 

30 

9430 

75 

3764 

4 

2554 

28 8790 

13 

9 

69 

0570 

4 

5959 

35 

5389 

71 

1210 

4 

4682 

33 3472 

12 

10 

64 

4611 

4 

7797 

40 

3186 

66 

6528 

4 

6916 

38 03S8 

II 

II 

59 

6814 

± 

9709 

45 

289s 

61 

9612 

4 

9262 

42 9650 

10 

12 

54 

7105 

5 

1698 

50 

4593 

57 

0350 

5 

1725 

48 1375 

9 

13 

49 

5407 

5 

3766 

55 

8359 

SI 

8625 

5 

4311 

S 3 5686 

8 

14 

44 

1641 

5 

5916 

61 

4275 

46 

4314 

5 

7027 

59 2713 

7 

15 

38. 

5725 

5 

8152 

67 

2427 

40 

7287 

5 

9878 

65 2591 

6 

16 

32 

7573 

6 

0479 

73 

2906 

34 

7409 

6 

2872 

71 5463 

5 

17 

26 

7094 

6 

2898 

79 

5804 

28 

4537 

6 

6016 

78.1479 

4 

18 

20 

4196 

6 

5414 

86 

1218 

21 

8521 

6 

9317 

85.0796 

3 

19 

13 

8782 

6 

8031 

92 

9249 

14 

9204 

7 

2782 

92.3578 

2 

20 

7 

0751 

1 7 

0751 

100 

0000 

7 

6422 

7 

6422 

100 0000 

I 




6 per 

• cent 



7 per cent. 


I 

0 

0 

M 

0000 

$2 

718s 

$ 2 

718s 

$100 

0000 

$2 

4393 

$ 2 4393 

20 

2 

97 

2815 

2 

8815 

5 

6000 

97 

5607 

2 

6100 

5 0493 

19 

3 

94 

4000 

3 

0545 

8 

6545 

94 

9507 

2 

7928 

7 8421 

18 

4 

91 

34 SSJ 

3 

2377 

II 

8922 

92 

1579 

2 

9882 

10.8303 

17 

5 

88 

1078 

3 

4320 

15 

3242 

89 

1697 

3 

cn 

M 

14 0277 

16 

6 

84 

6758 

3 

6379 

18 

9621 

8s 

9723 

3 

4213 

17 4490 

16 

7 

81 

0379 

3 

8562 

22 

8183 

82 

5510 

3 

6607 

21 .1097 i 

14 

8 

77 

1817 

4 

0875 

26 

9058 

78 

8903 

3 

9170 

25.0267 

13 

9 

73 

0942 

4 

33 28 

31 

2386 

74 

9734 

4 

I9II 

29.2178 

12 

10 

68 

7614 

4 

5928 

35 

8314 

70 

7822 

4 

4846 

33 7024 

II 

II 

64 

1686 

4 

8683 

40 

6998 

66 

2976 

4 

7984 

38 5008 

10 

12 

59 

3002 

5 

1604 

45 

8602 

61 

4992 

5 

1344 

43 6552 

9 

13 

54 

1398 

5 

4701 

SI 

3303 

S6 

3648 

5 

4937 

49 1289 

8 

14 

48 

6697 

5 

.7982 

57 

128s 

50 

8711 

5 

8783 

55 0072 

7 

16 

42 

8715 

6 

1462 

63 

2747 

44 

9928 

6 

2898 

61 2970 

6 

16 

36 

7253 

6 

5 149 

69 

7896 

38 

7030 

6 

7301 

68 0271 

5 

17 

30 

2104 

6 

9058 

76 

6954 

31 

■9729 

7 

2012 

75 22S3 

4 

18 

23 

3046 

7 

3202 

84 

0156 

24 

7717 

7 

•7053 

82 9336 

3 

19 

15 

9844 

7 

7594 

91 

775 ° 

17 

0664 

8 

2446 

91.1782 

2 

20 

8 

.2250 

8 

2250 

100 

0000 

8 

8218 

8 

8218 

100 0000 

I 
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value 

Current 
depreciation 
during year.i 


Present 

value 
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depreciation 
during year. 


Expect- 
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TABLE 27 . AMORTIZATION AND DEPRECIATION TABLES 

{Contimied) 



Remaining 


Total 

Remaining 


Total 


Year 

investment 
beginning 
of year. 

tion during 
year 

amortiza- 
tion end 
of year 

investment 
beginning 
of year 

tion during 
year 

amortiza- 
tion end 
of year 


25 Year Life 

25 Year Life 


4 per cent 

5 per cent 


I 

$100 0000 

$2 4012 

$ 2 4012 

$100 0000 

$2 0952 

$ 2 0952 

26 

2 

97 5988 

2 4972 

4 8984 

97 9048 

2 2001 

4 2952 

24 

3 

9 S 

2 5972 

7 4956 

95 7047 

2 3100 

6 6053 

23 

4 

92 5044 

2 7010 

10 1966 

93 3947 

2 4254 

9 0307 

22 

6 

89 8034 

2 8091 

13 0057 

90 9693 

2 5468 

! II 5775 

21 

6 

86 9943 

2 9214 

IS 9271 

88 4225 

2 6742 

I 14 2517 

20 

7 

84 0729 

3 0383 

18 9654 

8s 7483 

2 8078 

17 0595 

19 

8 

81 0346 1 

3 1598 

22 1252 

82 9^05 

2 9482 

20 0077 

18 

9 

77 8748 i 

3 2862 j 

25 4114 

79 9923 

3 0957 

1 23 1034 

17 

10 

74 5886 1 

3 4176 

28 8290 

76 8966 

3 2504 

26 3538 

16 

II 

71 1710 

3 5544 

32 3834 

73 6462 

3 4129 

29 7667 

15 

12 

67 6166 

3 696s 

36.0799 

70 2333 

3 5836 

33 3503 

14 

13 

63 9201 

3 8444 

39 9243 

66 6497 

3 7627 

37 1130 

13 

14 

60 0757 

3 9982 

43 9225 

62 8870 

3 9509 

41 0639 

12 

16 

56 0775 

4 1581 

48 0806 

58 9361 

4.148s j 

45 2124 

II 

16 

SI 9194 

4 3244 

52 4050 

54 7876 

4 3559 

49 5683 

10 

17 

47 5950 

4 4974 

56 9024 

5 ° 4317 

4 S 73<5 , 

54 1419 

9 

18 

43 0976 

4 6773 

61 S 797 

4 S 8581 

4 8024 

58.9443 

8 

19 

38 4203 

4 8643 

66 4440 

41 0557 

5 0424 

63 9867 

7 

20 

33 5560 

S 0590 

71 5030 

36 0133 

5 2946 

69 2S13 

6 

21 

28 4970 

S 2613 

76 7643 

30 7187 

5 5593 ^ 

74 8406 

5 

22 

23 2357 

S 4718 

82 2361 

2 $ 1594 

5 8373 

80 6779 

4 

23 

1 17 7839 

5 6906 

87 9267 

19 3221 

6 1291 

86 8070 

3 

24 

i 12 0733 

5 9183 

93 8450 

13 1930 

6 4356 

93 2426 

2 

25 

6 1550 

6 1550 

100 0000 

6 7574 

6 7574 

100 0000 

I 


6 per cent. 

7 per cent. 


I 

$100 0000 

$ I 8227 

$ I 8227 

$100 0000 

$1.5811 

$ 1.5811 

25 

2 

98 1773 

1.9320 

3 7 S 47 

98 4189 

I 6917 

3 2728 

24 

3 

96 2453 

2 0480 

5 8027 

96 7272 

I. 8101 

5 0829 

23 

4 

94.1973 

2.1708 

7 9735 

94 9171 

1.9369 

7 019S 

22 

5 ‘ 

92,0265 

2 3011 

10 2746 

92 9802 

2 ,0724 

9 0922 

21 

6 

89 7254 

2 4391 

12 7137 

90 9078 

2 2175 

II 3097 

20 

7 

87 2863 

2 5853 

IS 2992 

88 6903 

2.3728 

13*^825 

19 

8 

1 84 . 7008 

2 7406 

18 0398 

86.3175 

2 5388 

16 2213 

18 

9 

81 9602 

2 9051 

20 9449 

83.7787 

2 7165 

18.9378 

17 

10 

79 . 0 S 5 I 

3 0794 

24 0243 

81 0622 

2.9067 

21.8445 

16 


Present 

value. 

Current 

depreciation 


Present 

value. 

' Current 
depreciation 


Expect- 
' ancy. 


during year 


during year. 


Years. 
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TABLE 27 . AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 


Year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 

Remaimng 
investment 
beginning 
of year. 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 


25 Year Life 

25 Year Life 


6 per cent. 

7 per cent 


II 

hs 9757 

$3 2641 

$27 2884 

^78 1555 

$3 1102 ' 

$24 9547 

15 

12 

72 7116 

3 4600 

30 7484 

75 0453 

3 3279 

28 2826 

14 

13 

69 2516 

3 6675 

34 4159 

71 7174 

3 5608 

31 8434 

13 

14 

65 5841 

3 S877 

38 3036 

68 1566 

3 8101 

33 653s 

12 

15 

61 6964 

4 1208 

42 4244 

64 3465 

4 0768 

39 7303 

II 

16 

57 5756 

4 3682 

46.7926 

60 2697 

4 3622 

44 0925 

10 

17 

53 2074 

4 6302 

51 4228 

55 9075 

4 6675 

48 7600 

9 

18 

48 S 772 

4 9081 

56 3309 

51 2400 

4 9942 

53 7542 

8 

19 

43 6691 

5 2025 

61 5334 

46 2458 

5 3439 

59 0981 

7 

20 

1 38 4666 

5 5147 

67 0481 

40 9019 

5-7179 

64 8160 

6 

21 

32 9519 

5 8455 

72 8936 

35 1840 

6 1181 

70 9341 

S 

22 

27 1064 

6 1963 

79 0899 

29 0659 

6 5465 

77 4806 

4 

23 

20 9101 

6 5681 

85 6580 

22 5194 

7 0047 

84 4853 

3 

24 

14 3420 

6 9621 

92 6201 

15 5147 

7 4950 

91 9803 

2 

25 

7 3799 

7 3799 

100 0000 

8 0197 

8 0197 

100 0000 

I 

30 Year Life 

30 Year Life 


4 per cent. 

5 per cent 


I 

$100 0000 

$i 7830 

$ I 7830 

$100 0000 

$i 5051 

$ I 5051 

30 

2 

98.2170 

1 8543 

3 6373 

98 4949 

I 5804 

3 0855 

29 

3 

96 3627 

I 9285 

S 5658 

96 9145 

1-6595 

4 7450 

28 

4 

94.4342 

2 0057 

7 5715 

95 • 2550 

I 7424 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{ConUnued) 


Year 

Reraaming 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 

Remaining 
investment 
beginning 
of year. 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 


30 Year Life 

30 Year Life 


6 per cent 

7 per cent. 


21 

$53 

4702 

$4 0566 

$50 

5864 

$56 
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{Continued) 
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3 6916 

69 6755 

37 6664 

3 9445 

66 2781 

8 

34 

30 3245 

3 8393 

73 3148 

33 7219 

4 -^ AT -% 

70 4198 

7 

35 

26 4852 

3 9930 

77 3078 

29 5802 

4 3488 

74 76S6 

6 

36 

22 4922 

4 1326 

81 6604 

25 2314 

4 5862 

79 3348 

6 

37 

18 3396 

4 3189 

83 9793 

20 6652 

4 7946 

84 1294 

4 

3 « 

14 0207 

4 4915 

90 4708 

IS 8706 

5 0343 

89 1637 

3 

39 

9 5292 

4 6712 

95 1420 

10 8363 

5 2860 

94 4497 

2 

40 

4 8580 

4 8580 

100 0000 

3 3303 

3 3303 

100 0000 ! 

I 


6 per cent. 

7 per cent 


I 

$100 0000 

$0 6462 

$ 0 6462 

$100 0000 

$0 S009 

$ 0.5009 

40 

2 

99 3538 

0 6849 

I 3311 

99 4991 

0 S3 60 

I 0369 

39 

3 

98 6689 

0 7260 

2 0571 

98 9631 

0 5735 

I 6104 

38 

4 

97 9429 

0 7696 

2 .8267 

98 3896 

0 6136 

2 2240 

37 

5 i 

97 1733 ! 

0 8 iS 7 

3 6424 

97.7760 

0 6566 

2 8806 

36 

6 

98 3576 

0 8647 

4 3071 

97 1194 

0 7026 

3 3832 

35 

7 

95 4929 

0.9166 

3 4237 

96 4168 

0 7517 

4 3349 

34 

8 

94 3763 

0 9716 

6 3933 

93 6651 

0 . 8044 

5 1393 

33 

• 9 

93 6047 

I 0299 

7 4232 

94 8607 

0 8606 

5 9999 

32 

10 

92.3748 

I 0916 

8 S168 

94 0001 

0 9210 

6 9209 

31 

II 

91 4832 

I 1572 

9 6740 

93.0791 

0.9833 

7 9062 

30 

12 

90 3260 

I .2266 

10 9006 

92 0938 

I 0344 

8 9606 

29 

13 

89 0994 

I 3002 

12.2008 

91 0394 

I 1281 

10 0887 

28 

14 

87 7992 

I 3782 

13 5790 

89 9113 

1 .2071 

II 2958 

27 

15 

86,4210 

I .4609 

13 0399 

88 7042 

I .2917 

12 3873 

26 


Present 

value. 
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depreciation 


Present 

value. 

Current 

depreciation 


Ejcpect- 

ancy. 


duxmg year 


during year 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 


Year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year. 

Total 
amortiza- 
tion end 
of year. 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year. 


40 Year Life 

40 Year Life 


6 per cent 

7 per cent 


16 

$84 9601 


5483 

^16 

3884 

$87 4125 

$I 3820 

$13 9695 

26 

17 

83 4116 

I 

6415 

18 

2299 

86 0304 

I 4788 

15 4483 

24 

18 

81 7701 

I 

7399 

19 

9698 

84 3317 

1 5823 

17 0306 

23 

19 

80 0302 

I 

8443 

21 

8141 

82 9694 

I 6930 

18 7236 

22 

20 

78 1859 

I 

9 SSO 

23 

7691 

81 2764 

I 8116 

20 5352 

21 

21 

76 2309 

2 

0724 

25 

8415 

79 4648 

1 9384 

22 4736 

20 

22 

74 1585 

2 

1966 

28 

0381 

77 3264 

2 0741 

24 5477 

19 

23 

71 9619 

2 

3284 

30 

3663 

75 4523 

2 2192 

26 7669 

18 

24 

69 633s 

2 

4682 

32 

8347 

73 2331 

2 3746 

29.1415 

17 

25 

67 1653 

2 

6162 

35 

4509 

70 8383 

2 5408 

31 6823 

16 

26 

64 5491 

2 

7732 

38 

2241 

68 3177 

2 7187 

34 4010 

15 

27 

61 7759 

2 

9396 

41 

1637 

63 3990 

2 9090 

37 3100 

14 

28 

58 8363 

3 

1160 

44 

2797 

62 6900 

3 1126 

40 4226 

13 

29 

55 7203 

3 

3029 

47 

3826 

59 5774 

3 33 °S 

43 7 S 3 I 

12 

30 

52 4174 

3 

5011 

51 

0837 

56 2469 

3 5636 

47-3167 

II 

31 

48 9163 

3 

7112 

54 

7949 

S2 6833 

3 S131 

51-1298 

10 

32 

45 2051 

3 

9339 

S8 

7288 

48 8702 

4 0800 

55 2098 

9 

33 

41 2712 

4 

1699 

62 

8987 

44 7902 

4 3656 

59 5754 

8 

34 

37 1013 

4 

4200 

67 

3187 

40 4246 

4 6712 

64 2466 

7 

35 

32 6813 

4 

6853 

72 

0040 

33 7 S 34 

4 9982 

69 2448 

6 

36 

27 9960 

4 

9664 

76 

.9704 

30 7552 

3 3480 

74 3928 

6 

37 

23 0296 

5 

2644 

82 

2348 

25 4072 

S 7223 

80 3133 

4 

33 

17.7652 

5 

5802 

87 

8150 

19 6847 

6 1229 

86 4382 

3 

39 

12.1850 

5 

9151 

93 

7301 

13 5618 

6 3516 

92 9898 

2 

40 

6.2699 

6 

2699 

100 

0000 

7 0102 

7 0102 

100 0000 

I 

45 Year Life 

45 Year Life 


4 per cent 

5 per cent 


I 

$100 0000 

$0 

8262 

$0 

8262 

$100 0000 

$0 6262 

$0 6262 

45 

2 

99 1738 

0 

8393 

I 

6833 

99 3738 

0 6373 

I 2837 

44 

3 

98 314s 

0 

8937 

2 

5792 

98 7163 

0 6903 

I 9740 

43 

4 

97 4208 

0 

9294 

3 

5086 

98 0260 

0 7249 

2 6989 

42 

5 

96 4914 

0 

9666 

4 

4752 

97 3011 

0 7611 

3 4600 

41 

6 

95 5248 

I 

0053 

5 

4805 

96 5400 

0 7992 

4 2592 

40 

7 

94 5195 

I 

0435 

6 

5260 

95 7408 

0 8392 

3 0984 

39 

8 

93 4740 

I 

0872 

7 

6132 

94 9016 

0 8810 

5 9794 

38 


Present 

value 

Current 
depreciatior 
dunng year 
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value. 
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depreciatior 
during year 


Expect- 

ancy 

Years. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 


Year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 


45 Year Life 

45 Year Life 


4 per cent 

j 5 per cent. 


9 

I92 3868 

$I I30S 

00 

0 

$94 0206 

So 9251 

S 6 9045 

37 

10 

91 256a 

I 1760 

9 9200 

93 0955 

0 9714 

7 8759 

36 

II 

90 0800 

I 2230 

II 1430 

92 1241 

I 0200 

8 S959 

35 

12 

88 8570 

I 2720 

1 12 4150 

91 1041 

I 0710 

9 9669 

34 

13 

87 5S50 

I 3229 

13 7379 

90 0311 

I 1245, 

II 0914 

33 

14 

86 2621 

I 3757 

15 1136 

88 9086 

I 1S07 

12 2721 

32 

16 

84 8864 

I 4308 

16 5444 

87 7279 

I 2398 

13 5119 

3 X 

16 

83 4356 

I 4880 

18 0324 

86.4881 

I 3018 

14 8137 

30 

17 

81 9676 

I 5476 

19 5800 

85 1863 

1 I 3668 

16 1805 

29 

18 

80 4200 

I 6094 

21 1S94 

83 8195 

I 4352 

17 6157 

28 

19 

78 8106 

I 6738 

22 8632 

82 3843 

I 5070 

19 1227 

27 

20 

77 13S8 

I 740S 

24 6040 

80 8773 

I 5823 

20 7050 

26 

21 

75 3960 

I 8104 

26 4144 

79 2950 

I 6614 

22 3664 

25 

22 

73 5856 

I S828 

28 2972 

77 8336 

I 7445 

24 1109 

24 

23 

71 7028 

1 9581 

30 2553 

75 8891 

I 8317 

25 9426 

23 

24 

69 7447 

2 0365 

32 2918 

74 0574 

I 9223 

27 8659 

22 

25 

67 7082 

2 1180 

34 4098 

72 1341 

2 0195 

29 8854 j 

21 

26 

65 5902 

2 2026 

36 6124 

, 70 1146 

2 1205 

32 0059 

20 

27 

! 63 3876 

2 2907 

38 9031 

67 9941 

2 2264 

34 2323 

19 

28 

61 0969 

, 2.3824 

41 285s 

6s 7677 

2 3378 

36 5701 

18 

29 

58 714s 

2 4777 

43 7832 

63 4299 

2 4548 

39 0249 

17 

30 

56 2368 

2 576S 

46 3400 

60 9751 

2 5773 

41 6o:?2 

16 

31 

53 6600 

2 6798 

49 0198 

58 3978 

2 7062 

44 3084 

16 

32 

50 9802 

2 7870 

51 8068 

55 6916 

2 8417 

47 1501 

14 

33 

48 1932 

2 8986 

54.7054 

52 8499 

2 9837 

50 1338 1 

13 

34 

45 2946 

3 0144 

57 7198 

49 8662 

: 3 1328 1 

53.2666 1 

12 

35 

42 2802 

3 1350 

60 S548 

46 7334 

, 3 2896 

56 5562 1 

II 

36 

39 1452 

3 2605 

^4 1153 

43 4438 

3 4539 1 

60 0101 

10 

37 

35 8847 

3 3909 

67 5062 

39 9899 

3 6267 

63.6368 

9 

38 

32 4938 

3 5264 

71 .0326 

36.3632 

3 8081 

67 4449 ' 

8 

39 

28.9674 

3 6676 

74 7002 

32 5551 

3 9983 

71 4432 : 

7 

40 

25.2998 

3.8142 

1 78 5144 

28 5568 

4 1984 

75.6416 

6 

41 

21 4856 

' 3 9669 

82 4813 

24 3584 

4 4083 

80 0499 

5 

42 

17.5187 

4 1255 

86 6068 

19 9501 

4 6286 

84 6785 

4 

43 

13.3932 

4 290s 

90 8973 

15 3215 

4 8600 

89 5385 

3 

44 

j 9.1027 

4 4621 

95 3594 

10 4615 

5* 1032 

94 6417 

2 

45 

! 4 6406 

4 6406 

100.0000 

5.3583 1 

5 3583 

100 0000 

I 
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value. 

Current 

depreciation 


Present 

value. 

Current 

depreciation 


Expect- 

ancy. 


during year 


during year 


Years. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 


{Continued) 


Year. 

Remaimng 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 

Remaimng 
investment 
beginmng 
of year 

Amortiza- 
tion dunng 
year. 

Total 
amortiza- 
tion end 
of year. 


45 Year Life 

45 Year Life 


6 per cent. 

7 per cent. 


I 

$100 0000 

$0 4700 : 

$ 0 4700 

$100 0000 

$0 3500 

$ 0 3500 

45 

2 

99 5300 

0 4983 

0 9683 

99 .6500 

0 3744 

0 7244 

44 

3 

99 0317 

0 5281 

1 4964 

99 2756 

0 4007 

I 1251 

43 

4 

98 5038 

0 5599 

2 0563 

98 8749 

0 4287 

1 5338 

42 

5 

97 9437 

0 5934 

2 6497 

98 4462 

0 4587 

2 0125 

41 

6 

97 3503 

0 6290 

3 2787 

97 9875 

0 4908 

2 5033 

40 

7 

96 7213 

0 6668 

3-9455 

97 4967 

0 5252 

3 0285 

39 

8 

96 0545 

0 7068 

4 6523 

96 9715 

0 5620 

3 5905 

38 

9 

95 3477 

0 7492 

S 4015 

96 409s 

0 6013 

4 1918 

37 

10 

94 3985 

0 7941 

6.1956 

95-8082 

0 6434 

4 8352 

36 

II 

93 8044 

0 8418 

7 0374 

95 1648 

0 6884 

5 3236 

35 

12 

92 9626 

0 8923 

7 9297 

94 4764 

0 7366 

6 2602 

34 

13 

92 0703 

0 9458 

8 8755 

93 7398 

0 7882 

7 0484 

33 

14 

91 124s 

I 002^ 

9 8781 

92.9516 

0 8433 

7 8917 

32 

16 

90 1219 

I 0628 

10 9409 

92 1083 

0 9024 

8 7941 

31 

16 

89 0591 

' I 1265 

12 0674 

91 2059 

0 965s 

9 7396 

30 

17 

87 9326 

1 1941 

13 2615 

90 . 2404 

I 0331 

10 7927 

29 

18 

86 738s 

I 2657 

14.5272 

89 2073 

I 105s 

II 8982 

28 

19 

85 4728 

I 3417 

15 8689 

88 1018 

1 1828 

13 0810 

27 

20 

84.1311 

I .4222 

17 2911 

86 9190 

I 2657 

14 3467 

26 

21 

82 7089 

1 3075 

18 7986 

85 6533 

I 3542 

15 7009 

25 

22 

81 2014 

I 5979 

20.3965 

84 2991 

I 4490 

17 1499 

24 

23 

79-6035 

1-6939 

22,0904 

82 8501 

I SS04 

18 7003 

23 

24 

77 9096 

I -7954 

23.8858 

81 2997 

I 6590 

20 3593 

22 

25 

76 1142 

I .9032 

25.7890 

79.6407 

I 7751 

22 1344 

21 

26 

74 2110 

2.0174 

27 8064 

77 8656 

I 8994 

24 0338 

20 

27 

72 1936 

2 1385 

29 9449 

75 9662 

2 0323 

26 0661 

19 

28 

70 0551 

2 2667 

32 2116 

73 9339 

2 1746 

28 2407 

18 

29 

67 7884 

2 .4028 

34 6144 

71-7593 

2 3268 

30 5675 

17 

30 

6s 3856 

2 5469 

37-1613 

69 4325 

2 4897 

33 0572 

16 

31 

62 8387 

2 6997 

39 8610 

66 9428 

2 6640 

35.7212 

15 

32 

60 , 1390 

2 .8617 

42.7227 

64 2788 

2 8504 

38.5716 

14 

33 

57-2773 

3 0334 

45-7561 

61 4284 

3 0499 

41 6215 

13 

34 

54 2439 

3-2154 

48 9715 

58 3785 

3 2635 

44.8850 

12 

36 

51 0285 

3 4083 

52 3798 

55 1150 

3 4920 

48.3770 

II 



Current 



Current 


Espect- 
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deprecia- 
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tion during 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

( Conhmied) 



Remaining 

Amortiza- 
tion during 
year 

Total 

Remaining 


Total 


Year. 

investment 
begmmng 
of year 

amortiza- 
tion end 
of year 

investment 
beginning 
of year 

tion during 
year 

amortiza- 
tion end 
of year 


45 Year Life 

45 Ye\r Life 


6 per cent 

7 per cent 


36 

$47 6202 

$3 6129 

$55 9927 

$51 6230 

S3 73^3 

$S2 1133 

10 

37 

44 0073 

3 8296 

59 8223 

47 8867 

3 9979 

56 III 2 

9 

38 

40 1777 

4 0594 

63 8817 

43 8888 

4 2777 

60 3S89 

8 

39 

36 1183 

4 3030 

68 1847 

39 6111 

4 5772 

64,9661 

7 

40 

31 8 is 3 

4 5611 

72 7458 

35 0339 

4 8976 

69 8637 

6 

41 

27 2542 

4 8348 

77 5806 

30 1363 

5 2404 

75 1041 

5 

42 

22 4194 

5 1249 

82 7035 

24 S939 

5 S073 

80 7114 

4 

43 

17 294s 

5 4324 

88 1379 

19 2886 

5 9997 

86 7111 

3 

44 

II S62I 

S 7583 

93 8962 

13 2S89 

6 4197 

93 1308 

2 

46 

6 1038 

6 103S 

100 0000 

6 8692 

6 8692 

100 0000 


50 Year Life 

50 Year Life 


4 per cent 

5 per cent 


I 

$100 0000 

$0 6550 

$ 0 6550 

$100 0000 

$0 4777 

S 0 4777 

60 

2 

99 3450 

0 6812 

1 3362 

99 5223 

0 5015 

0 9792 

49 

3 

98 663S 

0 7085 

2 0447 

99 0208 

0 5267 

I 5059 

48 

4 

97 9553 

0 7368 

2 7815 

98 4941 

0 5529 

2 058S 

47 

5 

97 2185 

0 7663 

3 5478 

97 9412 

0 5806 

2 6394 

46 

6 

96 4522 

0 7969 

4 3447 

97 3606 

0 6097 

3 2491 

45 

7 

9 S 6553 

0 82S8 

5 1735 

96 7509 

0 6401 

3 8892 

44 

8 

94 8265 

0 8620 

6 0355 

96 1108 

0 6722 

4 5614 

43 

9 

93 964s 

0 8964 

6 9319 

95 4386 

0 7057 

5 2671 

42 

10 

93 0681 

0 9323 

7 8642 

94 7329 

0 7410 

6 0081 

41 

II 

92 1358 

0 9696 

8 8338 

93 9919 

0 7781 

6 7862 

40 

12 

91 1662 

I 0084 

9 8422 

93 2138 

0 8170 

7 6032 

39 

13 

90 1578 

I 0487 

10 8909 

92 3968 

0 8578 

8 4610 

38 

14 

89 1091 

I 0906 

II 9815 

91 5390 

0 9008 

9 361S 

37 

15 

88 0185 

I 1343 

13 1158 

90 6382 

0 9457 

10 3075 

36 

16 

86 8842 

1.1797 

14 2955 

89 6925 

0 9931 

II 3006 

36 

17 

Ss 704s 

1,2268 

IS 5223 

88 6994 

I 0427 

12 3433 

34 

18 

84 4777 

I 2759 

16 7982 

87 6567 

I 0948 

13 4381 

33 

19 

83 2018 

1.3270 

18 1252 

86 5619 

I 1496 

14 5877 

32 

20 

81 .8748 

I 3800 

19 5052 

Ss 4123 

I 2071 

15 7948 

31 

21 

80 4948 

1-4353 

20 9405 

84.2052 

I 2674 

17 0622 

30 

22 

79 0595 

I 4926 

22 4331 

82 9378 

1 3307 

18 3929 

29 

23 

77.5669 

I 5523 

23 9854 

Si 6017 

, I 3974 

19 7903 

28 


Present 

value. 
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during year. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

( Continued) 


Year 

Remaining 
investment 
beginning 
of yeai 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year- 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 


50 Year Life 

50 Year Life 


4 per cent 

5 per cent. 


24 

$76 0146 

$I 6144 

$25 5998 

$80 2097 

$i 4672 : 

S21 2575 - 

27 

25 

74 4002 

I 6791 

27 2789 

78 742s 

I 5405 

22 7980 

26 

26 

72 7211 

I 7461 

29 0250 

77 2020 

I 6176 

24 4156 

25 

27 

70 9750 

I 8161 

30 8411 

7 S 5844 

I 6984 

26 1140 

24 

28 

69 1589 

I 8887 

32 7298 

73 8S60 

1 7834 

27 8974 

23 

29 

67 2702 

I 9642 

34 6940 

72 1026 

I 8726 

29 7700 

22 

30 

65 3060 

2 0427 

36 7367 

70 2300 

I 9661 

31 7381 

21 

31 

63 2633 

2 1245 

38 8612 

68 2639 

2 0645 

33 8006 

20 

32 

61 1388 

2 2095 

41 0707 

66 1994 

2 1677 

35 9683 

19 

33 

58 9293 

2 2979 

43 3686 

64 0317 

2 2761 

38 2444 

18 

34 

56 6314 

2 3897 

4 S 7583 

61 7556 

2 3899 

40 6343 

17 

35 

54 2417 

2 4854 

48 2437 

S 9 3657 

2 5095 

43 1438 

16 

36 

SI 7563 

2 5847 

50 8284 

56 8562 

2 6347 

45 7785 

16 

37 

49 1716 

2 6882 

S 3 S166 

54 2215 

<2. 7666 

48 5451 

14 

3 « 

46 4834 

2 7957 

56 3123 

51 4549 

2 9050 

51 4501 

13 

39 

43 6877 

2 907s 

S 9 2198 

48 5499 

3 0501 

54 5002 

12 

40 

40 7802 

3 0238 

62 2436 

45 4998 

3 2027 

57 7029 

II 

41 

37 7564 

3 1448 

65 3884 

42 2971 

3 3629 

61 .0658 

10 

42 

34 6116 

3 2706 

68 6590 

38 9342 

3 5309 

64 5947 

9 

43 

31 3410 

3 4013 

72 0603 

35 4033 

3 7075 

68 3042 

8 

44 

27 9397 

3 S 3 75 

75 5978 

31 6958 

3 8929 

72 1971 

7 

45 

24 4022 

3 6789 

79 2767 

27 .8029 

4 0875 

76 2846 

6 

46 

20 7233 

3 8261 

83 1028 

23-7154 

4 2919 

80 5765 

5 

47 

16 8972 

3 9791 

87 0819 

19 4235 

4 5065 

85 0830 

4 

48 

12 9181 

4 1383 

91 2202 

14 9170 

4 7319 

89 8149 

3 

49 

8 7798 

4 3038 

95 5240 

10 1851 

4 9683 

94 7832 

2 

50 

4 4760 

4 4760 

100 0000* 

5 2168 

5 2168 

100 0000 

I 


1 

1 

6 per cent. 

7 per cent 


I 

$100 0000 

$0 3444 

$0 3444 

$100 0000 

$0 2460 

$0 2460 

60 

2 

99 6536 

0 3651 

0 709s 

99 7540 

0 2632 

0 5092 

49 

3 

99 2905 

0 3870 

I 0965 

99 4908 

0 2816 

0 7908 

48 

4 

.. 98 9035 

0 4102 

I 5067 

99 2092 

0 3014 

I 0922 

47 

5 

98.4933 

0 4349 

I 9416 

98 9078 

0 3224 

I 4146 

46 

6 

98 0584 

0 4609 

2 4025 

98 5854 

0 3450 

1 7596 

45 


Present 

value 

Current 

depreciatior 

dunngyear 

1 

Present 

value. 

Current 

depreciatior 

dunngyear 

1 

Expect- 

ancy. 

Years. 



366 VALUATION, DEPRECIATION AND THE RATE-BASE 


TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

(Conhmied) 


Year 

Remaining 
investment 
beginmng 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 

1 Remaining 

1 investment 
beginning 
of year 

Amortiza- 
tion during 
year. 

Total 
amortiza- 
tion end 
of year 


50 Year Life 

50 Year Life 


6 per cent 

7 per cent 

i 

7 

*97 S 97 S 

$0 4886 

$ 2 8911 

$98 2404 

$0 3692 

$ 2 1288 

44 

8 

97 1089 

0 5179 

3 4090 

97 8712 

0 395 ° 

2 5238 

43 

9 

96 5910 

0 5489 

3 9579 

97 4762 

0 4226 

2 9464 

42 

10 

96 0421 

0 5819 

4 5398 

97 0536 

0 4522 

3 3986 

41 

II 

95 4O02 

0 6169 

5 1587 

96 6014 

0 4839 

3 8825 

40 

12 

94 8433 

0 6538 

S 810S 

96 II 7 S 

0 5178 

4 4003 

39 

13 

94 189s 

0 6931 

6 5036 

95 5997 

0 5540 

4 9543 

38 

14 

93 4964 

0 7346 

7 2382 

95 0457 

0 5928 

5 5491 

37 

15 

92 7618 

0 7787 

8 0169 

94 4529 

0 6343 

6 1814 

36 

16 

91 9831 

0 8235 

8 8424 

93 8186 

0 6786 

6 8600 

35 

17 

91 1576 

0 8749 

9 7173 

93 1400 

0 7262 

7 5862 

34 

18 

90 2827 

0 927s 

10 6448 

92 4138 

0 7771 

8 3633 

33 

19 

89 3 SS 2 

1 0 9S31 

II 6279 

91 6367 

0 8314 

9 1947 

32 

20 

88 3721 

I 0421 

12 6700 

90 8053 

0 8896 

10 0843 

31 

21 

87 3300 

I 1046 

13 7746 

89 9157 

0 9519 

II 0362 

30 

22 

86 2254 

I 1710 

14 9456 

88 9638 

I 0185 1 

12 0547 

29 

23 

8 s OS 44 

I 241 1 

! 16.1867 

87 9453 

I 0898 

13 1445 

28 

24 

83 8133 

1 3156 

17 5023 

86 855s 

1. 1661 

14 3106 

27 

25 

82 4977 

1 3946 

iS 8969 

85 6894 

1.2477 

IS 5583 

26 

26 

81 1031 

I 4782 

20 3751 

84.4417 

1.3351 

16 8934 

25 

27 

79 6249 

I 5670 

21 9421 

83 1066 

I 4285 

18 3219 

24 

28 

78 0579 

I 6610 

23 6031 

81 6781 

I SzSs 

19 8504 

23 

29 

76 3969 

I 7606 

25 3637 

80.1496 

1-6355 

21 4859 

22 

30 

74 6363 

I 8662 

27 2299 

78 S141 

1.7500 

23 2359 

21 

31 

72 7701 

1-9783 

29 2082 

76 7641 

I 8725 

25 1084 

20 

32 

70 7918 

2 0969 

31 3051 

74.8916 

2 .0036 

27 1120 

19 

33 

68 6949 

1 2 2227 

33 >5278 

72 8880 

2 1438 

29 2558 

18 

34 

66 4722 

2 3561 

35 8839 

70.7442 

2.2939 

31 5497 

17 

35 

64 1161 

2 4975 

38 3814 

68 4503 

2.4545 

34 0042 

16 

36 

61 6186 

2 6473 

41 .0287 

65 9958 

2.6263 

36 6305 

15 

37 

58 9713 

2 8061 

43.8348 

63-3695 

2 8101 

3$ 4406 

14 

3S 

$6 1652 

2 9745 

46 8093 

60 5594 

3 0068 

42 4474 

13 

39 

53 1907 

3 1530 

49 9623 

57.5526 

3-2173 

45 6647 

12 

40 

5^^os77 

3 3422 

53 3045 

54 3353 

3 4425 

49 1072 

II 

41 

46 6955 1 

3 5427 

56 8472 

' 50.8928 

3 683s 

52 7907 

10 
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Current 
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Present 
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tion during 


_^cy. 
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year. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 



Remaining 


Total 

Remaining 


Total 


Year 

investment 
beginning 
of year. 

tion during 
year 

amortiza- 
tion end 
of year 

investment 
beginning 
of year 

tion during 
year. 

amortiza- 
tion end 
of year 


50 Year Life 

50 Year Life 


6 per cent - 

7 per cent 


42 

$43 1528 

13 7553 

$60 6025 

$47 2093 

®3 9414 

$56 7321 

9 

43 

39 3975 

3 9805 

64 5830 

43 2679 

4 2172 

60 9493 

8 

44 

35 4170 

4 2194 

68 8024 

39 0507 

4 5124 

65 4617 

7 

45 

31 1976 

4 4726 

73 2750 

34 3383 

4 8284 

70 2901 

6 

46 

26 7250 

4 7410 

78.0160 

29 7099 

5 1662 

75 4563 

5 

47 

21 9840 

5 0253 

83 0413 

24 5437 

5 5280 

80 9843 

4 

48 

16 9587 

5 3270 

88 3683 

19 0157 

5 9149 

86 8992 

3 

49 

II 6317 

5 6465 

94 0148 

13 1008 

6 3289 

93 2281 

2 

60 

5 9852 

5 9852 

100 0000 

6 7719 

6 7719 

100 0000 

I 

60 Year Life 

60 Year Life 


4 per cent 

5 per cent 


I 

Sioo 0000 

$0 4202 

$ 0 4202 

$100 0000 

$0 2828 

$ 0 2828 

60 

2 

99 5798 

0 4370 

0 8572 

99 7172 

0 2970 

0 3798 

59 

3 

99 1428 

0 4544 

I 3116 

99 4202 

0 3118 

0 8916 

58 

4 

98 6884 

0 4727 

1 7843 

99 1084 

0 3274 

I 2190 

57 

5 

98 2157 

0 4916 

2 2759 

98 7810 

0 3437 

I .5627 

56 

6 

97 7241 

0 5112 

2 7871 

98 4373 

0 3*610 

I 9237 

56 

7 

97 2129 

0 5317 

3 3188 

98 0763 

0 3790 

2 3027 

54 

8 

96 6812 

0 3529 

3 8717 

97 6973 

0 3980 

2 7007 

53 

9 

96 1283 

0 5750 

4 4467 

97 2993 

0 4178 

3 1185 

52 

10 

95 5533 

0 5981 

5 0448 

96 8815 

0 4388 

3 5573 

51 

II 

94 9552 

0 6220 

5 6668 

96 4427 

0 4606 

4 0179 

60 

12 

94 3332 

0 6468 

6 3136 

95-9821 

0 4837 

4 5016 

49 

13 

93 6S64 

0 6728 

6 9864 

95 4984 

0 5079 

5 009s 

48 

14 

93 0136 

0 6996 

7 6860 

94 9905 

0 5333 

5 5428 

47 

16 

92 3140 

0 7276 

8 4136 

94 4572 

0 5600 

6 1028 

46 

16 

91 5S64 

0 7567 

9 1703 

93 8972 

0 5880 

6 6908 

46 

17 

90 8297 

0 7870 

9 9573 

93 3092 

0 6174 

7 3082 

44 

18 

90 0427 

0 8185 

10 7758 

92 6918 

0 6481 

7 9363 

43 

19 

89 2242 

0.8512 

II 6270 

92 0437 

0 . 6807 

8 6370 

42 

20 

88 3730 

0 8853 

12 5123 

91 3630 

0 7146 

9 3316 

41 

21 

87 4877 

0.9207 

13 4330 

90 6484 

0 7504 

10 1020 

40 

22 

86 5670 

0 9575 

14 3905 

89 8980 

0 7880 

10 8900 

39 

23 

85,6095 

0 9958 

15 3863 

89 1100 

0 8273 

II. 7173 

38 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 



Remaining 

Amortiza- ! 

Total 

Remaining 

Amortiza- 

Total 


Year 

investment 
beginning 
of year 

tion during 
year. 

amortiza- 
tion end 
of year 

investment 
beginning 
of year 

tion during 
year 

amortiza- 
tion end 
of year 


60 Year Life 

60 Year Life 

i 

I 4 per cent 

5 per cent 


24 

I84 6137 


0356 

$16 4219 

S88 2S27 

So 8686 

$12 5859 

37 

25 

83 5781 

I 

0771 

17 4990 

87 4141 i 

0 

9122 

13 498X 

36 

26 

82 5010 

I 

1201 

18 6191 

86 5019 

0 

9577 

14 4558 

35 

27 

81 3809 

I 

1650 

19 7841 

85 5442 

I 

0056 

15 4614 

34 

28 

80 2159 

I 

2115 

20 9956 

84 5386 

I 

0559 

16 5173 

33 

29 

79 0044 

I 

2600 

22 2556 

83 4827 

I 

1087 

17 6260 

32 

30 

77 7444 

I 

3104 

23 5660 

82 3740 

I 

1641 

18 7901 

31 

31 

76 4340 

I 

3629 

24 9289 

81 2099 

I 

2223 

20 0124 

30 

32 

75 0711 

I 

4173 

26 3462 

79 9876 

I 

2835 

21 2959 

29 

33 ■ 

73 6538 

I 

4741 

27 S203 

78 7041 

I 

3476 

22 643s 

28 

34 

72 1797 

I 

5329 

29 3532 

77 3565 

I 

4X49 : 

24 0384 

27 

35 

70 6468 

I 

5944 

30 9476 

75 9416 

I 

4S5S 

2S 5442 

26 

36 

69 0524 

I 

6580 

32 6056 

74 4558 

I 

5600 

27 1042 

25 

37 

67 3944 1 

I 

7245 

34 3301 

72 8958 

I 

6380 

28 7422 

24 

38 

65 6699 

I 

7934 

36 1235 

71 2578 

I 

7200 

30 4622 

23 

39 

63 S765 

I 

8651 

37 9886 

69 53 78 

I 

8059 

32 26SI 

22 

40 

62 0114 

I 

9397 

39 92S3 

67 7319 

I 

S962 

34 1643 

21 

41 

60 0717 

i 2 

0173 

41 9456 

65 8357 

I 

99IX 

36 I 5 S 4 

20 

42 

58 0544 

2 

0980 

44 0436 

63 8446 

2 

0906 

38 2460 

19 

43 

55 9564 

2 

1820 

46 2256 

61 7540 

2 

I95X 

40 4411 

18 

44 

53 7744 

2 

2692 

48 4948 

59 5589 ; 

2 

3049 1 

42 7460 

17 

45 

51 5052 

2 

3599 

SO 8547 

57 2540 

2 

4201 

45 1661 

16 

46 

49 1453 

2 

4544 

53 3091 

54 8339 1 

2 

S 4 II 

47 7072 

15 

47 

46 6909 

2 

5526 

55 8617 

52 2928 

2 

6682 

50 3754 

14 

48 

44 1383 

2 

6546 

58 5163 

49 6246 

2 

8016 

53 X770 

X 3 

49 

41 4837 

2 

7609 

61.2772 

46.S230 

2 

9416 1 

56 1186 

12 

60 

38 7228 

2 

S712 

64 1484 

43 8814 

3 

0888 

59 2074 

II 

51 

35 8516 

2 

9861 

67 1345 

40 7926 

3 

2432 1 

62 4506 

10 

52 

32 8655 

3 1056 

70 2401 

37-5494 

3 

4053 1 

63-8359 

9 

53 

29 7599 

3 

2298 

73 4699 

34 X441 

3 5756 ‘ 

69 4313 

8 

54 

26 5301 

3 339 ° 

76 S289 

30 5685 

3 

7544 

73 1859 

7 

55 

23 1711 

3 4933 

So 3222 

26 8141 

3 

9421 1 

77 1280 

6 

56 

19 6778 

3 6331 

83 9SS2 

22 .8720 

4 

X392 

81.2672 

5 

57 

16.0447 

3 7784 

87 7337 

18 7328 

4.3462 ‘ 

8s 6134 

4 

58 

12 2663 

3 

9295 : 

91 6632 

14 3866 

4 5635 ' 

90 1769 

3 

59 

8 3368 

4 0867 : 

95 7499 

9 8231 1 

4 7917 

94-9686 

2 

60 

4 2501 

4 

.2501 

100 0000 

5 03x4 : 

5-03x4 

100 0000 

I 


Present 

value. 

Current 

depreciation 


Present 

value. 

Current 

depreciation 

Accrued 

depreciation 

Expect- 

ancy. 


during year 


during year. 


Years. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 


Year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year. 

Remaining 
investment 
beginning 
of year. 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 


60 Year Life 

60 Year Life 


6 per cent. 

7 per cent 


I 

$100 0000 

$0 1876 

$ 0 1876 

$100 0000 

$0 1229 

$ 0 1229 

60 

2 

99.8124 

0 1988 

0 3864 

99 8771 

0 1316 

0 2545 

59 

3 

99 ^136 

0 2108 

0 5972 

99 7455 ! 

0 1407 

0 3952 

5 S 

4 

99 4028 

0 2234 

0 8206 

99 6048 

0 1506 

0 5458 

57 

5 

99.1794 

0 2368 

I 0574 

99 4542 

0 1611 

0 7069 

56 

6 

98 9426 

0 2510 

I 3084 

99 2931 

0 1724 

0 8793 

65 

7 

98.6916 

0 2661 

I 5745 

99 X207 

0 184s 

I 0638 

54 

8 

98 4255 

0 2820 

1 8363 

98 9362 

0 1974 

I 2612 

S 3 

9 

98 1435 

0 2989 

2 1554 

98 7388 

0 2112 

I 4724 

52 

10 

97 8446 

0 3169 

2 4723 

98 5276 

0 2260 

I 6984 

51 

1 

II 

97 5277 

0 3360 

2 8083 

98 3016 

0 2418 

I 9402 

60 

12 

97 1917 

0 35^0 

3 1643 

98 0598 

0 2587 

2 1989 

49 

13 

96 8337 

0 3775 

3 5418 

97 Son 

0 2768 

2 4757 

48 

14 

96 4582 

0 4000 

3 9418 

97 5243 

0 2963 

2 7720 

47 

15 

96 .0582 

0 4241 

4 3659 

97 2280 

0 3169 

3 0889 

46 

16 

95 6341 

1 0 4495 

4 8134 

96 9111 

0 3392 

3 4281 

46 

17 

95 1846 

0 4763 

5 2919 

96 3719 

0 3629 

3 7910 

44 

18 

94 7081 

0 5051 

5 . 7970 

96 2090 

0 3882 

4 1792 

43 

19 

94 . 2030 

0 5354 

6 3324 

95 8208 

0 4x54 

4 5947 

42 

20 

93 8671 

0 5675 

6.8999 

95 4053 

0 4446 

5 0393 

41 

21 

93 1001 

0 6016 

7 5015 

94 9607 

0 4756 

5 5149 

40 

22 

92 4983 

0.6377 

8.1392 

94 4851 

0 5089 

6 0239 

39 

23 

91 8608 

0 6739 

8 8131 

93 9761 

0 5446 

6 5685 

38 

24 

1 91 1849 

0 7165 

9 5316 

93 4315 

0 5827 

7 1312 

37 

25 

90 4684 

0.7594 

' 10 2910 

92 .8488 

0 623s 

7 7747 

36 

26 

89 7090 

0 8051 

II 0961 

92 2253 

0 6672 

8 4419 

35 

27 

88 9039 

0 8533 

II 9494 

91 5581 

0 7138 

9 X 557 

34 

28 

88 0506 

0 9043 

' 12 8539 

90 8443 

0 7638 

9 9196 

33 

29 

87 1461 

0 9389 

13 8128 

90 0804 

0 8173 

xo 7369 

32 

30 

86 1872 

I 0163 

14 8291 

89 2631 

0 8745 

II 6114 

31 

31 

85 1709 

I 0773 

15 9064 

88 3886 

0 9357 

12 547 X 

30 

32 

84 0936 

I 1420 

17 0484 

87 4529 

I 0012 

13 5483 

29 

33 

82 9516 

I 2104 

18 2588 

86 4517 

I 0713 

14 6196 

28 

34 

81 7412 

I 2831 

19 54x9 

85 3804 

I 1463 

15 7659 

27 

35 

80 4581 

I 3601 

20 9020 

84 2341 

I 2265 

16 9924 

26 

36 

79 0980 

I 4417 

22 3437 

83 0076 

I 3124 

18 304S 

26 

37 

77 6383 

I 5282 

23 8719 

81 6952 

I 4043 

x 9 709X 

24 


Present 

value 

Current 
depreciation 
during year 


Present 

value. 
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depreciation 
during year. 


Expect- 

ancy. 

Years. 
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TABLE 27 . AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 



Remaining 


Total 

Remaining 


Total 


Year 

investment 
begmmng 
of year 

tion during 
year. 

amortiza- 
tion end 
of year 

investment 
beginning 
of year. 

tion during 
year 

amortiza- 
tion end 
of year. 


60 Year Life 

60 Year Life 


6 per cent. 

7 per cent 


38 

$76 1281 

$I 6199 

$25 4918 

$So 2909 

$1 

5025 

$21.2116 

23 

39 

74 5082 

I 7171 

27.2089 

78 7884 

I 

607S 

22 8194 

22 

40 

72 7911 

I 8201 

29 0290 

77 1806 

I 

7203 

24.5397 

21 

41 

70 9710 

I 9293 

30 9583 

75 4603 

I 

8407 

26 3804 

20 

42 

69 0417 

2 0452 

33 0035 

73 6196 

I 

969s 

28 3499 

19 

43 

66 9965 

2 1677 

35.1712 

71 6501 

2 

1074 

30 4573 

18 

44 

64 82S8 

2 2978 

37 4690 

69.5427 

2 

2550 

32.7123 

17 

45 

62.5310 

2 4357 

39 9°47 

67 2S77 

2 

4127 

35-1250 

16 

46 

60 0953 

2 5819 

42 4866 

64 8750 

2 

5817 

37 7067 

16 

47 

57 5134 

2 7367 

45 2233 

62 2933 

2 

7624 

40 4691 

14 

48 

54 7767 

2.9010 

48.1243 

59 5309 

2 

9557 

43 4248 

13 

49 

51 8757 

3 0750 

SI 1993 

56 5752 

3 

1627 

46 5875 

12 

60 

48 8007 

3 2596 

54 4589 

S 3 4125 

3 

3841 

49 9716 

II 

51 

45 541 I 

3 4551 

57 9140 

50 0284 

3 

6209 

S 3 5925 

10 

52 

42.0860 

3 6624 

61.5764 

46 4075 

3 

8744 

57 4669 

9 

S 3 

38 4236 

3 8821 

6s 4585 

42 5331 

4 

1456 

61 6125 

8 

54 

34 5415 

4 1151 

69 5736 

38 3S75 

4 

4358 

66 0483 

7 

65 

30 4264 

4 3620 

73 9356 

33 9517 

4 

7463 

70 7946 

6 

56 

26 0644 

4 6237 

78 5593 

29 2054 

5 

0786 

75 8732 

6 

57 

21 4407 

4 9012 

83 4605 

24 1268 

5 

4340 

81 .3072 

4 

58 

16 5395 

5 1952 

88 6557 

18 6928 

5 

8144 

87.1216 

3 

59 

II 3443 

5 5069 

94.1626 

12 8784 

6 

2215 

93 3431 

2 

60 

5 8374 

5 8374 

100 0000 

6 6569 

6 

6569 

100 0000 

I 

75 Year Life 

75 Year Lefb 


4 per cent. 

S per cent. 


I 

$100.0000 

$0.2229 

$0.2229 

$100 0000 

$0 

1322 

$0.1322 

75 

2 

99 7771 

0 2318 

0 4547 

99 8678 

0 

1387 

0.2709 

. 74 

3 

99 5453 

0 2411 

0.6958 

99 7291 

0.1457 

0.4166 

73 

4 

99 3042 

0 2507 

0.9465 

99 5834 

° 

1530 

0.5696 

72 

6 

99 0535 

0 2608 

1.2073 

99.4304 

0.1607 

0,7303 

71 

6 

98.7927 

0.2712 

1 .4785 

99.2697 

0 

1686 

0.8989 

70 

7 

98 5215 

0 2820 

1.7605 

99. ion 

0.1772 

I .0761 

69 

8 

98.239s 

0 2934 

2 .0539 

98 9239 

0.1859 

1.2620 

68 

A 

97.9461 

0 3050 

2 3589 

98 7380 

0 

1953 

I -4573 

67 

-10 

97.6411 

0.3172 

2 6761 

98 5427 

0 

.2050 

I .6623 

66 
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value. 

Current 
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ancy. 
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during year. 


during year. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 


{Continued) 


Year 

Remaining 
investment 
beginning 
of year. 

Amortiza- 
tion during 
year 

Total 

, amortiza- 
’ tion end 
of year 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year. 

Total 
amortiza- 
tion end 
of year. 


75 Year Life 

75 Year Life 


4 per cent 

S per cent 


II 

$97 3239 

$0.3299 

$3 0060 

$98 3377 

$0 

2153 


8776 

65 

12 

96 9940 

0.3432 

3 3492 

98 1224 

0 

2260 

2 

1036 

64 

13 

96 6508 

0 3568 

3 7060 

97 8964 

0 

2374 

2 

3410 

63 

14 

96 2940 

0 3712 

4 0772 

97 6590 

0 

2492 

2 

5902 

62 

15 

95 9228 

0 3860 

4 4632 

97 4098 

0 

2616 

2 

8518 

61 

16 

95 5368 

0 4014 

4 8646 

97 1482 

0 

2749 

3 

1267 

60 

17 

95 1354 

0 4175 

5 2821 

96 8733 

0 

2884 

3 

4151 

59 

18 

94 7179 

0 4342 

5 7163 

9 ^ 5849 

0 

3029 

3 

7180 

S8 

19 

94 2S37 

0 4515 

6 1678 

96 2820 

0 

3181 

4 

0361 

57 

20 

93 S322 

0.4696 

6 6374 

95 9639 

0 

3339 

4 

3700 

S6 

21 

93 3626 

0 4884 

7 1258 

95 6300 

0 

3507 

4 

7207 

55 

22 

92 8742 

0 5080 

7 6338 

95 2793 

0 

3682 

5 

0889 

54 

23 

92 3662 

0 5282 

8 1620 

94 9111 

0 

3866 

5 

4755 

53 

24 

91 8380 

0 5494 

8 7114 

94 5245 

0 

4059 

5 

8814 

52 

25 

91 28S6 

0 5714 

9 2828 

94 1186 

0 

4262 

6 

.3076 

51 

26 

90 7172 

0 5942 

9 8770 

93 6924 

0 

4476 

6 

7552 

50 

27 

90 1230 

0 6180 

10 4950 

93 2448 

0 

4699 

7 

2251 

49 

28 

89 5050 

0 6427 

II 1377 

92.7749 

0 

4934 

7 

7185 

48 

29 

88 8623 

0 6684 

II 8061 

92 2815 

0 

5181 

8 

.2366 

47 

30 

88 1939 

0 6952 

12 5013 

91 7634 

0 

5440 

8 

7806 

46 

31 

87 4987 

0 7229 

13 .2242 

91-2194 

0 

5712 

9 

3518 

1 45 

32 

86 7758 

0 7519 

13 9761 

90 6482 

0 

5997 

9 

9515 

^ 44 

33 

86 0239 

0 7819 

14 7580 

90 0485 

0 

6298 

10 

5813 

: 43 

34 

85 2420 

0 8132 

15 5712 

89 4187 

0 

6612 

II 

2425 

42 

35 

84 4288 

0 8458 

16 4170 

88 7575 

0 

6943 

II 

9368 

; 41 

'36 

83 5830 

0 8796 

17 2966 

88 0632 

0 

7290 

12 

6658 

40 

37 

82 7034 

0 9148 

18 2114 

87 3342 

0 

7634 

13 

4312 

39 

3S 

81 7S86 

0 9513 

19 1627 

86 5688 

0 

8037 

14 

2349 

38 

39 

80 S3 73 

0 9894 

20 1521 

85 7651 

0 

8440 

15 

0789 

37 

40 

79-8479 

I 0290 

21 .1811 

84 9211 

0 

8861 

15 

9650 

36 

41 

78. 8189 

I 0702 

22 2513 

84 0350 

0 

9304 

16 

8954 

35 

42 

77 7487 

I 1129 

23 3642 

83 1046 

0, 

■9769 

17 

8723 

34 

43 

76 635S 

I 1575 

24.5217 

82 1277 

I 

0258 

18 

8981 

33 

44 

75-4783 

I 2038 

25-7255 

81 .1019 

I . 

,0771 

19 

9752 

32 

45 

74 2745 

I 2519 

26 9774 

80 0248 

I . 

1309 

21 

1061 

31 

46 

73 0226 

I 3020 

28 2794 

78 8939 

I 

1875 

22 . 

.2936 

30 

, 

Present . 
value J 

Current 
iepreciation 
luring year 


Present 

value. 

Current 
depreciation 
during year 


Expect- 

ancy 

Years. 
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TABLE 27. AMORTIZATION AND DEPRECIATION TABLES 

{Co7ihnued) 



Remaining 


Total 

Remaining 


Total 


Year. 

investment 

beginning 

tion during 

amortiza- 
tion end 

investment 

beginning 

tion during 
year 

amortiza- 
tion end 



of year 


of year 

of year 

of year 


75 Year Life 




7 = 

; Year Life 


4 per cent 

5 per cent 


47 

$71 

7206 


3 S 4 I 

*29 633s 

$77 7064 

$I 

246S 

S23 

5404 

29 

48 

70 

3665 

I 

4082 

31.0417 

76 4596 

I 

3092 

24 

8496 

28 

49 

68 

9583 

I 

4646 

32 5063 

75 1504 

I 

3746 

26 

2242 

27 

50 

67 

4937 

I 

5232 

34 0295 

73 7758 

I 

4434 

27 

6676 

26 

SI 

6s 

9705 

I 

3840 

3 S 613s 

72 3324 

I 

5155 

29 

1S31 

26 

52 

64 

3865 

I 

6475 

37 2610 

70 Si 69 

I 

5913 

30 

7744 

24 

S 3 

62 

7390 

I 

7133 

38 9743 

69 2256 

I 

6709 

32 

4453 

23 

S 4 

61 

0257 

I 

7819 

40 7562 

67 5547 

I 

7545 

1 34 199S 

22 

55 

59 

2438 

I 

8532 

42 6094 

65 8002 

I 

S421 

36 

0419 

21 

S6 

57 

3906 

I 

9272 

44 53<56 

63 9581 

I 

9343 

1 37 

^ 7^2 

20 

S 7 

55 

4634 

2 

0044 

4S 5410 

62 0238 

2 

0309 

40 0071 

19 

58 

: 53 

459 ° 

2 

0845 

48 6255 

59 9929 

2 

1326 

42, 

•1397 

18 

S 9 

51 

3745 

2 

1680 

50 7935 

57 8603 

2 

2391 

44 

3788 ! 

17 

60 

j 49 

2065 

2 

2546 

53 0481 

5p 0212 

2 

3511 

46 

7299 

16 

61 

46 

9519 

2 

3448 

55.3929 

53 2701 

2 

4687 

49 

1986 

16 

62 

1 44 

6071 

2 

4387 

S 7 8316 

50 8014 

2 

5921 

51 

7907 

14 

63 

42 

1684 

2 

5361 

60 3687 

48 2093 

2 

7217 

54 

5124 

13 

64 

39 

6323 

2 

6376 

63 0053 

45 4876 

2 

8577 

57 

3701 

12 

65 

36 

9947 

2 

7432 

65 748s 

42 6299 j 

3 

0007 

60 

3 70S 

ii 

66 

34 

2515 

2 

8528 

68 6013 

39 6292 ? 

3 

1507 

63 

5215 

10 

67 

31 

3987 

2 

9670 

71 5683 

36 4785 

3 

3082 

66 

8297 

9 

68 

28 

4317 

3 

0856 

74 6539 

33 1703 

3 

4737 

70 

3034 

8 

69 

25 

3461 

3 

2091 

77 8630 

29 6966 

3 

6473 

73 

9507 

7 

70 

22 

1370 

3 

3374 

81 2004 

26 0493 

3 

8297 

77 

780+ 

6 

71 

18 

7996 

3 

4709 

84 6713 

22 2196 

4 

0212 

81 

8016 

6 

72 

IS 

3287 

3 

6097 

88 2810 

18 1984 

4 

2222 

86 

0238 

4 

73 

II 

7190 

3 

7542 

92 0352 

13 9762 

4 

4334 

90 

4572 

3 

74 

7 

9648 

3 

9043 

95 9395 

9 5428 

4 

6550 

95 

1122 

2 

75 

4 

0605 

4 

0605 

100 0000 

4 8878 

4 

8878 

100 

0000 

I 


6 per cent. 

7 per cent 


I 

$100 0000 

$0 0769 

$0 0769 

$100 0000 

|o 0441 

$0 0441 

76 

2 

99 9231 

0 

0814 j 

0.1583 

99 9559 

0 0471 

0.0912 

74 

3 

99 8417 

0 

0864 

0 2447 

99 9088 

0 0504 

0 

1416 

73 

4 

99 

7553 

0 

0916 

0 3363 

99-8584 

0 0540 

0 

1956 

72 

5 

99 ^^37 

0 

0970 

0 4333 

99 8044 

1 ° 

0578 

0 

2534 

71 


Present 

Current 

depreciation 


Present 

value. 

Current 

depreciation 



Expect- 

ancy. 




during year 


during year | 

1 



Years. 



TABLES 


373 


TABLE 27 AMORTIZATION AND DEPRECIATION TABLES 

{Continued) 


Year. 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year. 

Remaining 
investment 
beginning 
of year 

Amortiza- 
tion during 
year 

Total 
amortiza- 
tion end 
of year 

- 

75 Year Life 

75 Year Life 


6 per cent 

7 per cent 


6 

$99 5667 

$0 1029 

$0 5362 

$99 7466 

$0 0618 

$0 3152 

70 

7 

1 99 4638 

0 1090 

0 6452 

99 6848 

0 0661 

0 3813 

69 

8 

99 3548 

0 1156 

0 7608 

99 6187 

0 0707 

0 4520 

68 

9 

99 2392 

0 1225 

0 8833 

99 5480 

40 

!>. 

0 

0 

0 5277 

67 

10 

99 1167 

0 1299 

I 0132 

99 4723 

0 0810 

0 60S7 

66 

II 

98 9S68 

0 1376 

I 1508 

99 3913 

0 0S67 

0 6954 

65 

12 

98 8492 

0 1459 

I 2967 

99 3046 

0 0927 

0 7881 

64 

13 

98 7033 

0 1547 

I 4514 

99 2119 

0 0992 

0 8873 

63 

14 

98 5486 

0 1640 

I 6154 

99 1127 

0 1062 

0 9935 

62 

15 

98 3846 

0 1738 

I 7892 

99 0065 

0 1136 

I 1071 

61 

16 

98 2108 

0 1842 

1 9734 

98 8929 

0 1216 

I .2287 

60 

17 

98 0266 

0 1952 

2 1686 

98 7713 

0 1301 

1-3588 

59 

18 

97 8314 

0 2070 

2 3756 

98 6412 

0 1392 

I 4980 

58 

19 

97 6244 

0 2194 

2 5950 

98 5020 

0 I4S9 

I 6469 

57 

20 

97 4050 

0 2326 

2 8276 

98 3531 

0 1593 

I 8062 

S6 

21 

97 1724 

0 2465 

3 0741 

98 1938 

0 1705 

1 9767 

55 

22 

96 9259 

0 2613 

3 3354 

98 0233 

0 1824 

2 1591 

54 

23 

96 6646 

0 2770 

3 6124 

97 8409 

0 1952 

2 3543 

53 

24 

96 3876 

0 2936 

3 9060 

97 6457 

0 2089 

2 5632 

52 

25 

96 0940 

0 3113 

4 2173 

97 4368 

0 2235 

2 7867 

51 

26 

95 7827 

0 3299 

4 5472 

97 2133 

0 2391 

3 0258 

50 

27 

95 4528 

0 3497 

4 8969 

96 9742 

0 2559 

3 2817 

49 

28 

95 1031 

0 3707 

5 2676 

96 7183 

0 2738 

3 5555 

48 

29 

94 7324 

0 3929 

5 6605 

9 ^ 4445 

0 2929 

3 8484 

47 

30 

94 3395 

0 4165 

6 0770 

96 1516 

0 3134 

4.1618 

46 

31 

93 9230 

0 4414 

6 5184 

95 8382 

0-3354 

4 4972 

46 

32 

93 4816 

0 4680 

6 9864 

95 502S 

0 3589 

4 8561 

44 

33 

93 0136 

0 4961 

7 4825 

95 1439 

0 3840 

5 2401 

43 

34 

92 5175 

0 5258 

8 0083 

94 7599 

0 4109 

5 6510 

42 

35 

91 9917 

0 5574 

8 5657 

94 3490 

0 4396 

6 .0906 

41 

36 

91 4343 

0 5908 

9 1565 

93 9094 

0 4704 

6 5610 

40 

37 

90 8435 

0 6262 

9 7827 

93 4390 

0 5033 

7.0643 

39 

3S 

90 2173 

0 6638 

10.4465 

92 9357 

0 5386 

7 6029 

38 

39 

89 5535 

0 7037 

II 1502 

92 3971 

0.5763 

8 1792 

37 

40 

88 8498 

0 7459 

II 8961 

91 8208 

0 6166 

8 7958 

36 

41 

88 1039 

0 7906 

12 6867 

91 2042 

0 6598 

9 -4556 

35 
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deprecia- 
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deprecia- 


jjrfXpecu-* 
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Y ears. 
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TABLE 27 . AMORTIZATION AND DEPRECIATION TABLES 

{Concluded) 



Remaining 


Total 

Remaining 


Total 


Year. 

investment 
beginning 
of year 

tion during 
year 

amortiza- 
tion end 
of year. 

investment 
beginning 
of year. 

tion during 
year 

amortiZvi- 

tiun end 
of year. 


75 Year Life 

j 75 Yevr Life 


6 per cent. 

7 per cent 


42 

*87 3133 

$0 8381 

s$i3 5248 

$90 5444 

$0.7059 

$10 1615 

34 

43 

86 4752 

0,8883 

14-4131 

89. 8385 

0 7554 

10 qi6q 

33 

44 

S5 SS69 

0 9417 

IS • 3 S 48 

89 .0831 

0 S082 

II 7251 

32 

45 

84 6452 

0 9982 

16 3530 

SS 2^49 

0 864S 

12 5899 

31 

46 

83 6470 

I 0580 

17 4110 

87 410X 

0 9253 

13 5152 

30 

47 

82 5890 

I 1215 

is 3325 

86 4S48 

0 9901 

14 5053 

29 

48 

81 467s 

I.18S8 

19 7213 

85 4947 

I 0594 

15 5647 

28 

49 

80 2787 

I 2602 

20 9815 

84 4333 

I 133S 

16 6083 

27 

60 

79 oi8s 

I 3357 

22 3172 

83 3017 

1 . 2 1 29 

17 9112 

26 

SI 

77 6828 

I 4159 

23-7331 

82 OS8S 

1 .2979 

19 2091 

25 

52 

76 2669 

I 5009 

25 2340 

80 7909 

1 38S7 

20 597S 

24 

S 3 

74 . 7660 

I 5909 

26 8249 

79 4022 

1 4S59 

22 0S37 

23 

54 

73 1751 

I 6S64 

28.3113 

77 9163 

I 5S99 

23.6736 

22 

65 

71 4887 

1 787s 

3O.29S8 

76 3264 

1 7012 

23-3748 

21 

56 

69 7012 

I S948 

32 1936 

74 6232 

1 s-03 

27 1951 

20 

57 

67.8064 

2 00S5 

34 2021 

72 S049 

1 9477 

29 I42S 

19 

ss 

6s 7979 

2 1290 

36 3311 

70 8572 

2 0S41 

31 2269 

18 

59 

63 6689 

2 2567 

38 5878 

68 7731 

2 2299 

33 4568 

17 

60 

61 4122 

2 3921 

40 9799 

66 5432 

2 3S60 

33 8428 

16 

61 

59 0201 

2 5357 

43 3136 

64 1572 

2 5531 

38 3959 

16 

62 

56 4844 

2.6878 

46 2034 

61 6041 

2 731S 

41.1277 

14 

63 

S3 7966 

2 8491 

49 <2323 

58 8723 

2 9230 

44.0507 

13 

64 

50 9475 

3 0200 

52 0725 

55 9493 

3 1276 

47 1783 

12 

65 

47 9275 

3 2012 

55 2737 

52 8217 

3 -3466 

SO 5249 

II 

66 

44 7263 

3 3933 

58 6670 

49 4751 

3 3808 

54.1057 

10 

67 

41 .3330 

3 5969 

62 2639 

45 -8943 

3 8313 

57 9372 

9 

68 

37 7361 

3 8127 

66 0766 

42 0628 

4.0997 

62.0369 

8 

69 

33 9234 

4 0415 

70 1181 

37 9631 

4-3867 

66.4236 

7 

70 

29 8819 

4.2839 

74 . 4020 

33 57O4 

4-6937 

71 1173 

6 

71 

25 5980 

4-5410 

78 9430 

28.8827 

3 -0233 

76 , 1406 

5 

72 

21 .0570 

4 8135 

83 75^5 

23.8594 

3 -3738 

81 5144 

4 

73 

16.2435 

5.1022 

88.8587 

18.4856 

3-7300 

87 2644 

3 

74 

XI. 1413 

5.40S4 

94 2671 

12 7356 

6.1523 

93 .4169 

2 


5-7329 

S.7329 

100 0000 

6.5831 

6.3831 

100.0000 

I 


Present 

Current 

deprecia- 


Present 

Current 

deprecia- 


Expect- 


value. 

tion during 
year. 


value* 

tion dunng 
year* 


ancy, 

Years. 



INDEX 

(Reference is to Page ) 


Abbreviations, v. 

Academic discussion of methods of 
procedure, 105. 

Accounting, construction account, In- 
terstate Commerce Commission, 

229. 

depreciation and replacements, In- 
terstate Commerce Commission, 

230. 

engineering account. Interstate Com- 
merce Commission, 232. 
interest-during-construction account. 
Interstate Commerce Commis- 
sion, 233. 

Interstate Commerce Commission, 
various accounts, 229 
land retired from use, Inteistate 
Commerce Commission, 232 
principles applied to Unlimited Life 
Method, 233. 

principles applied to other methods of 
appraisal, 235. 
purpose of the system, 229. 

Accrued depreciation, definition, 20. 
value affected, 125. 

{see Depreciation), 

Actual life (see Life). 

Age, composite, definition of, 22. 

Agency theory, owner as agent of rate- 
payer {see Owner), 5. 

Alvord^s method of determining going 
value, 65. 

Amortization, accrued, 170. 
amount of, 180. 
application of earnings, 95. 
complex plants, 89. 
definition, 23, 

Depreciation and Amortization, 

Table 27, 347* 

Depreciation and Amortization, 

Table 27, explanation, 343* 


Amortization distinct from depreciation, 

II, 86 

dunng life of franchise, 67. 
during probable life term, 175 
hypothetical case m illustration, 85. 
incomplete, 87 

insufficient, an example of, 96. 
of capital, rate, 34 

of reasonable cost, a fundamental 
principle, 32. 

owner controls amounts received, 35 

period and rate of, 1S8. 

use of fund, 89 

value of stock affected, 88. 

{see Depreciation). 

Amortization fund, accumulation not 
always essential, 89, 127. 
accumulations become the property 
of owner, 170 

sometimes considered as measuring 
depreciation, 86. 

(see Replacement fund) 

Am Soc C. E Committee, contingen- 
cies, 49 

engineering expenses, 43. 
general expense, 48. 
insurance and risk, 50, 
interest and taxes, 52. 

Annual depreciation {see Depreciation). 

Annual replacement requirement {see 
Replacement), 24, 

Annuity, computations of, to meet re- 
placements, 120. 

methods of satisfying replacement 
requirements, 102. 

Table 23, Amount of an Annuity of 
$1, 319- 

Table 23, explanation, 317. 

Table 24, Annuity which will amount 
to |i in given time, 328. 

Table 24, explanation, 327. 
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INDEX 
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Annuity, Table 25, Present value of an 
Annuity of $1, 338. 

Table 25, explanation, 336. 

Table 26, Amount which $i will pur- 
chase, 341. 

Table 26, explanation, 340. 

Antigo Water Company case (see Court 
cases). 

Appraisal, as a basis for capitalization, 

139- 

as a basis for fixing rates, 127. 
as a basis for taxation, 13S. 
extent of detail required, 40 
tabulation of field results, 194. 
various purposes, 123. 

(see Valuation). 

Appreciation, Consolidated Gas case, 
New York, 71. 
definition, 23. 
excessive, 71 

included in cost to reproduce, 76. 
Minnesota rate cases, 76 
shall it be added to rate-base, 74. 
treatment of, 73. 

Western Advanced-Rate case, as a 
profit, 73- 

(see Unearned increment). 

Appleton vs. Appleton Water-works Co. 
(see Public-service commission 
decisions). 

Base physical cost, 158 
Basic price of metals, 245. 

Basis of calculation in rate fixing, 155. 
Beggs on engineering expense, 55. 
Bonus, effect on rate-base, 156. 

to induce investment, illustration, 14. 
Boston, Charles River Basin Commis- 
sion, engineering expenses, 45, 
subway, engineering expenses, 44. 
general expenses, 49. 

Business, cost of establishing, 26, 63. 
prospective, must be considered, 36. 
volume entitled to consideration, 33. 
volume in relation to rate-base, 160, 
161. 

what the owner should know, 6. 


California, public utilities act defines 
“Public Utility,” 146. 
state constitution on regulation of 
rates, 143. 

state constitution on public-utility 
control, 146. 

utilities law prescribes depreciation 
fund, 168. 

water-right values in the state, 225. 

Capacity in excess of requirements, 80, 
82. 

Capital, invested, as rate-base, 30, 32, 
138, 158. 

methods of amortization, 32. 
returned, owner^s rights to, 170. 

(see Amortization) . 

Capitalization, appraisals for the pur- 
pose, 139. 

of franchise value, 69. 

(see Over-capitalization) . 

Capitalized profits in mine valuation, 
240. 

Cast-iron pipe illustration of replace- 
ments, gS. 

Change of rates, frequent, 141. 

Charles River Basin Commission, en- 
gineering expenses, 45. 

Competition in public service, 149. 

Complex plants, amortization and re- 
placements, 90. 

Composite age and life, definitions, 22. 

Condition per cent, definition, 20. 

Construction account, Interstate Com- 
merce Commission, 229, 

Contingencies, Am Soc. of C. E. Com- 
mittee quoted, 49. 

Control of public utilities, naturally 
followed privilege to operate, 142 
of recent origin, 3. 

(see Public service control, see Public 
utilities). 

Cooley, Prof, M. E , overhead expenses, 
S3» 53- 

Cooperation between owner and public, 
ISO. 

Copper production in the United States, 
Table 15, 258, 259. 



INDEX 


377 


Cost, base phyacal, discussed by 'Wis- 
consin Railroad Commission, 158. 
determination of, 39. 
records used in rate-base, 193. 

Cost of article includes overhead ex- 
penses, 42. 

Cost of establishing the business, defini- 
tion, 26, 32 

treated as legitimate investment, 30 

Cost of operation, determination of, 125 

Cost of physical elements, determina- 
tion of, 38 
related to value, 39. 

Cost of replacement, definition, 25. 
related to present worth, 40. 

Cost of reproduction, appreciation in- 
cluded, 76. 
definition, 29. 

in relation to investment, 77. 
is not value, 136. 
use in rate-base, 193. 

Courts and the rate-base, i<5. 

Court cases cited. Boom Company vs, 
Patterson, 197 

Consolidated Gas Case, New York 
(see Willcox, etc), 19, 71, 73 
Goodin vs. Cincinnati & Whitewater 
Canal Co , 198. 

Interstate Commerce Commission vs. 

B Sc O. R. R Co., 145. 

Kansas City Water- works case, 60, 64. 
Kennebec Water District vs. City of 
Waterville et al, 17, 29, 63, 66, 
72, 154, 160. 

Knoxville vs. Knoxville Water Co , 
134, 154- 

Minn. St. Paul and Sault Ste. Marie 
Ry. Co, vs. Wisconsin R. R. 
Commission, 148. 

Minnesota Rate cases, 18, 76, 135, 
199, 205. 

Murray vs. Public Utilities, 137. 
National Water-works Co. JCansas 
City, 60, 64 

Reagan vs. Farmer Loan and Trust 
Co., 73 


Court cases cited, San Diego Land 
and Town Co, vs. National 
City, 18. 

San Diego Land and Town Co. vs. 

Geo Neale et al, 19S 
Shoemaker vs United States, 198. 
Smyth vs Ames, iS. 

United States vs Chandler Dunbar 
Water Power Co , 198 
United States vs. Honolulu Planta- 
tion Co , 199. 

Willcox vs. Consolidated Gas Co. of 
New York, 19, 71, 73. 

Young vs Harrison, 198. 

Croton dam, change in plans for, 51. 

Curie, J H ,ori mining investments, 243. 

Current depreciation (see Depreciation). 

Current replacement requirement, def- 
inition (see Replacement), 24. 

Deferred maintenance, definition, 24. 
determination of, 125 
in an operating plant, 79 

Definitions subject to modification, 5. 

Denny, G A , rate of interest on mining 
investments, 244 

Depreciation, account, explained by 
Interstate Commerce Commis- 
sion, 230. 

accounts under the various methods, 

17s 

accrued, definition, 20. 
amortization, depreciation and re- 
placements, 84, 86. 
amortization not to be confounded 
with, II, 86. 
annual, definition, 23. 
assumptions for purpose of discus- 
sion, 85. 

complex plants, principles applied to, 
90. 

current, must be covered by earnings, 
34 - 

definition, 23, 84. 

Equal Annual Payment Methods, 165. 
estimates of, are approximations, 104, 
failure to make allowance for, 159. 
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Depreciation formula for estimating 
replacement, loi. 

hypothetical case in illustration, 85. 
Interstate Commerce Commission, 
rules for determining, 192. 
not a withdrawal of capital, 4. 
Pocatello Water Co. case, not de- 
ducted, 137. 

private industrial establishments have 
problems, 4. 

rate-base, with and without, 129. 
remaining value under law of proba- 
bilities, 1 17. 

restrictions on, under California law, 
168. 

service value not reduced by, 33. 
Sinking Fund Method, 164, 167. 
Sinking Fund Method and Equal 
Annual Payment Methods com- 
pared, 169. 

Straight Line Method, loi, 165. 

Table 27, Amortization and Deprecia- 
tion, 347- 

Table 27, explanation, 343 
treatment of, with appreciation, 73 
Unlimited Life Method, 166. 
Wisconsin Railroad Commission, 159 
Wisconsin Railroad Commission dis- 
cusses -fund and -reserve, 90 
(see Lessening of Worth). 

Depreciation fund, California law re- 
strictions, 168. 

discussed by Wisconsin Railroad 
Commission, 90. 

Detail of the appraisal, required extent 
of, 40. 

Development of business, cost of, 26 

Discarded property, Wisconsin law on 
(see Unused property), 84. 

Donated extensions to water- works, 12. 

Early losses, 9, 32, 64. 

Earnings, affected by ability to pay, 35. 
application to replacements and 
amortization, 95. 
deficiency to be avoided, 42. 
deficient in early years, 153. 


Earnings, determination of, present 
and prospective, 125. 
franchise value determined by, 10. 
must cover current depreciation, 34. 
net, as an element of value, 150. 
net, and intangible values, ii. 
net, should exceed those of ordinary 
investment, 36. 

owner requires that hazards be cov- 
ered, 32. 

procedure in estimating must be 
continuous, 36. 

relation to rate-base and volume of 
business, 150, 161. 

required, procedure for their com- 
putation, 34. 

should create value in excess of in- 
vestment, 35. 

Supreme Court of Maine, 17, 154. 
value affected by, 10, 70, 150. 
water-right value determined by, 10. 

Empirical methods in valuing mining 
properties, 239. 

Engineenng account, Interstate Com- 
merce Commission notes on, 232. 

Engineering expenses, Am. Soc C. E. 
committee quoted, 43. 

Equal Annual Payment Method for 
rate-fixing, 165. 

Equal Annual Payment Method and Sink- 
ing Fund Method compared, 169. 

Establishing the business, cost of, 26. 
proper treatment of cost of, 32. 

(see Business). 

Estimation method in valuation of 
mining properties, 240. 

Eshleman, J. W.^ quoted on the rate- 
base, 157. 

Excess capacity of plant, 80, 82, 

Excessive profits of utilities, 142. 

Expectancy, according to law of prob- 
abilities, 117. 
definition, 21. 

effect on present value, 105. 
illustration, high duty pump, 21. 
illustration, irrigation canal, 22. ^ 
of equivalent single articles, 116. 
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Expectancy, Table 20, Expectancy and 
Remaining Value, 288, 293. 
tabular illustration for 10,000 articles, 
108. 

(see Life). 

Expenses, engineering. Am. Soc C. E. 
committee quoted, 43. 
general. Am. Soc C. E committee 
quoted, 48. 

overhead, Wisconsin Railroad Com- 
mission cited, 53. 
overhead, definition, 28. 
overhead, on railroad construction, 52. 
policing. Am Soc C E committee 
quoted, 49. 

promotion, definition of, 28. 
promotion, reasonableness of, 57. 

Failures, assumed hypothesis of, 106, 
117 

assumed hypothesis, diagram, no, 

III 

law of probabilities applied, 108, 117 
law of probabilities applied, Table 8, 
118. 

merit of assumed law, 106. 

Fair value, as a rate-base, 14, 18, 78. 
definition, 17 

Minnesota Rate Cases, as basis for 
rate fixing, 18 

present value as a starting point, 12, 

15 

(see Value). 

Field results, tabulation of, 194, 

Filters, engineering expenses in con- 
struction of, 47. 

Finlay, J R , quoted on interest on 
mining investments, 243. 

Fixing of rates (see Rate-fixing), 140. 
Franchise, amortization during life, 
^ 67. 

capitalization of, 69. 

Wisconsin Railroad Commission, 
69. 

Public Service Commission law of 
New York, 69. 
definition, 26, 66. 


Franchise, indeterminate term, 67. 
term of, 67. 
value of, 10, 66. 

value determined by earnings, 10. 
value not included in rate-base, 6% 
162. 

Wisconsin Railroad Commission on 
value, 69. 

Fundamental principles, applied to in- 
dustrial establishments, 3 
illustration, Panama Canal, 8. 
rate-fixing appraisals, 32. 

Future use, property held for, 79. 

(see Unused Property). 

General expenses, Am. Soc. C. E. com- 
mittee quoted, 48 

Georgia Railway case, right-of-way 
value (see Court cases) 

Gillette, H. P , quoted on railroad over- 
head expenses, 52 

Going concern, definition, 27. 

Kennebec Water District case, 63. 
unprofitable expenditures and early 
losses, 9. 

value of, as distinct from going value, 
64. 

Going value, A 1 void's method of deter- 
mining, 65. 

as distinct from going concern value, 
64. 

decisions of Wisconsin Railroad Com- 
mission, 64, 65. 
definition, 27. 

Good-will, definition, 27. 

Gray, Prof J H , quoted on Public 
Utility control, 3. 

Hammond, Johii Hays, quoted as to 
rate of return on mining in- 
vestments, 244. 

Hazard, compensation for, 32, 160 
may affect rates, Kennebec Water 
District case, 161, 

(see Risk). 

Hoover, H. C., quoted on mining risks, 
242. 
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Hoover, H. C., quoted on rate of return 
on mining investments, 243 

Hudson River State Hospital, engineer- 
ing expenses in construction of 
sand filters, 47. 

Increment (see Unearned increment). 

Indeterminate franchise, 68. 

Industrial enterprises, basis for selling 
price, 6 

fundamental principles applied to, 3. 

Insurance and risk. Am Soc C. E. 
committee quoted, 50. 

Intangible value, as a protection to the 
owner, 61. 

created by earnings, ii, 57. 
definition, 26, 57. 

Kansas City Water Works case, 60 
Kennebec Water District case, 61. 
under a restricted franchise, 59 
(see Value). 

Interest and taxes, Am. Soc. C. E. com- 
mittee quoted, 52 

during construction. Interstate Com- 
merce Commission quoted on 
accounting, 233. 

rate for mining investments, 241 
rate of return on public utility in- 
vestments, 1 61 

Table 21, Compound Interest, 302, 
304. 

Interstate Commerce Commission, ap- 
preciation, 73. 
construction account, 229. 
depreciation account, 230. 
engineering account, 232. 
interest during construction, 233. 
purpose of Interstate Commerce Act, 
I4S* 

retirement of land, 232. 

Invested capital, 25. 

Invested capital as a basis for rate- 
fixing (see Investment), iii, 30, 
138, 158. 

Investment, as a basis for rate-fixing, 
Wisconsin Railroad Commission, 
13S, 158. 


Investment, definition, 25. 
protection of, 127 
Rate-base). 

Irrigation canal as an aid in creating 
land values, 5. 

Irrigation water, value of, 208. 

Ithaca filters, engineering expenses, 47. 

Kansas City Water- works case (see 
Court cases). 

Kennebec Water District case (see 
Court cases). 

Knox\ulle Water Company case (5^?^ 
Court cases) . 

Land retired from use, Interstate Com- 
merce Commission quoted, 232. 

Lead in the United Slates, production 
and price, Table 17, 262. 

Life, actual and probable, assumptions 
made, 85, 105 
composite, definition, 22. 
departure of actual from probable, 
academic discussion justified, 
105 

effect of departure of actual from 
probable, 172. 
hypothesis of failures, 107. 
merit of assumed law of failures, 107. 
of various articles, Table 19, 270, 274. 
period of usefulness not usually as 
estimated, 107. 
probable, its definition, 20. 
probable life, iii, 20. 
probable life not always realized, 37. 
remaining, its definition, 21. 
unlimited life, 132. 

Limited franchise (see Restricted fran- 
chise). 

Louisville sewage works, Kentucky, 
engineering expenses, 46. 

Maine Supreme Court on hazard, 160. 

Maintenance, definition of deferred, 24. 

Market value, affected by rate-fixing 
procedure, 195 ^ 

defined in recent cQUrt decision^, 197. 
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Market value, definition, i6 
not what the purchaser can afford to 
pay, 199, 202. 
of real estate, 197. 
used in the valuation of mines, 239. 
value multiple, 203. 

Massachusetts Metropolitan Water 
Works, administration expense 
at, 49. 

Massachusetts public service control, 

145 

Methods of procedure in fixing rates, i 
may affect market value, 195. 

Metropolitan Water Works, Massa- 
chusetts, engineering expenses, 44 
policing expense, 49. 

Michigan Railroad valuation, overhead 
allowance, 53 

Mmeral products, price of, 244. 

Mines and oil properties, valuation of, 
for owner’s information, 246. 
for purchase or sale, 245. 
for taxation, 247. 
limitations upon accuracy, 237 
methods, 238. 
purposes, 237. 

Mining risks, 242. 

Mining investments, proper rate of 
interest, 241. 

Minnesota Rate cases (see Court cases). 

New York, control of public utilities, 
147- 

engineering expenses at water-works, 
44- 

general expenses at water-works, 48. 
police expense at water-works, 49. 
Public Service Commission law, 69. 

Non-agreement of actual with probable 
life, 104. 

Normal price of metals, 244. 

Notation, v. 

Obligation to replace, definition, 24. 
general explanation, 188. 

Ogdensburg sand filters, engineering 
expenses, 47. 
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Oil properties, valuation of (see Mines 
and oil properties), 237, 255 

Operation, determination of the cost of, 
125 

Overbuilt plant, 80. 
discussed by Wisconsin Railroad 
Commission, 83 
(see unused property) . 

Over-capitalization, 60 

Overhead expenses. Am Soc. C. E. 
committee quoted, 43. 

Boston subways, 44, 45 
Charles River Basin, Boston, 45. 
contingencies, Am. Soc. C. E. Com- 
mittee quoted, 49 
definition, 28. 

engineering expenses, Am. Soc. C. E. 
committee, 43. 

general expenses, Am Soc C E. 
committee, 48. 

general expenses Metropolitan Water- 
works, Mass , 49. 

general expenses. New York Water- 
works, 49 

Hudson River State Hospital, 47. 

included in cost, 42. 

insurance and risk, Am. Soc. C. E. 

committee, 50. 
interest and taxes, 52. 

Ithaca filters, 47. 

Kennebec Water District, Maine, 
46. 

Louisville Sewerage Works, Kentucky, 
46. 

Metropolitan water-works. Mass., 44. 
New York water-works, 44, 48. 
Ogdensburg sand filters, 47- 
Peekskill sand filters, 47. 
Pennsylvania Railroad tunnels, 46. 
railroad construction, 52. 

Springfield water- works, Mass., 47. 
Springfield, Mass , Ludlow filters, 47. 
Wachusetts Reservoir, Mass., 48. 
Watertown mechanical filters, 47. 
Wisconsin Railroad Commission de- 
cisions, 53. 

Owner, agent of the taxpayer, 5. 
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Owner, earnings required, 32 

entitled to share in unearned incre- 
ment, 33. 

has right to returned capital, 35 
intangible values, his protection, 61 
proper allowance to, 2. 
public cooperation desirable, 150 
responsibility for replacements and 
repair fund, 35 

what he is entitled to obtain, 13 1. 

Ownership of public utilities, 140. 

Panama Canal, illustration of funda- 
mental principle, 8 

Peekskill sand filters, engineering ex- 
penses, 47 

Pence^ W. D , engineering staff Wis- 
consin Railroad Commission, on 
overhead expenses, 55 

Pennsylvania Railroad tunnels, en- 
gineering expenses at, 46. 

Physical cost, discussed by Wisconsin 
Railroad Commission, 158 

Physical elements, cost of, 38. 

Pipe illustration of replacements, 98. 

Pocatello Water Company case, no 
depreciation deducted, 137. 

Police expenses, Am. Soc. C. E com- 
mittee quoted, 49. 

Present value, as a starting point in rate- 
fixing, 18, 19, 71. 
effect of expectancy on, 105. 
rental value an aid in determining, 
i8r. 

Table 22, Present value of $i 00 due 
at a future date, 315. 

Table 22, explanation, 313. 

{see Value) . 

Present worth and the cost of replace- 
ment {see Present Value), 40. 

Price and production of metals in 
United States {see Copper, Silver, 
Lead, Zinc). 

Price “normal” and “basic,” of min- 
erals defined, 244, 245. 

Price of the mineral product, 244, 257. 

I^rinciples, fundamental, 32. 


Probabilities, law of, applied to failing 
articles, 117. 

Probable life, iii. 
based on experience, 104. 
definition, 20. 

effect of departure llierefrom of 
actual life, 172 

not the actual life of an article, 37. 
Table 19. Probable life of various 
articles, 270, 274. 

{see Life). 

Procedure, method of, in rate fixing 
must be continuous, 36. 

{see Rate-fixing). 

Production and price of minerals, Fig- 
ures 4-7, Tables is^iS, 257. 

Profits, capitalized, in the valuation of 
mines, 240 

determination of, 126 
excessive and fictitious, 142 

Profit-sharing with public, 150. 

Promotion expenses, definition, 28, 56. 
may increase cost of marketing bonds, 
Wisconsin Railroad Commission, 
57 - 

Property not in use, 4, 80, 81, 84, 
230. 

Prospective business must be considered. 
36 

Public contribution to revenue of Public 
Utility, 152. 

Public Service Commissions, attitude of, 
150. 

control the amoimt of detail required 
in estimating the rate-base, 42. 

Public Service Commission decisions, 
California Railroad Commission: 

J A. Murray and Ed. Fletcher 
water rates, 157. 

Nevada County Narrow Gauge 
Railroad Company, 207. 

San Diego case, 21 1. 

Stockton Terminal and Eastern 
Railroad, 207, 

Idaho Public Service Commission: 

Pocatello Water Company case, 
137 * 
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Public Service Commission decisions, 
Interstate Commerce Commission 

Western Advanced Rate case, 73- 
Wisconsin Railroad Commission: 

Antigo Water Company case (see 
HiU, etc.). 

Ashland Water Company case, 56 

Cashton Light & Power Company 
case, 64, 

City of Appleton case, 138, 162. 

City of Beloit vs Beloit Water, Gas 
and Electric Company, 218. 

City of Racine vs Racine Gas Light 
Company, 54, 84 

City of Rhinelander vs Rhinelander 
Lighting Company, 219. 

City of Ripon vs. Ripon Light & 
Water Company, 54. 

Dick et al vs. Madison Water 
Commission, 54 

Fennimore Mutual Water & Light 
Plant case, 90. 

Green Bay vs. Green Bay Water 
Company, 6$. 

Hill et al vs Antigo Water Com- 
pany, S3, 64, 69, 158, 162. 

La Crosse Gas and Electric Com- 
pany case, 54, 83, 84, 158. 

Manitowac Gas Company case, 56. 

Milwaukee vs. Milwaukee Electric 
Railway, 54. 

Oshkosh water- works case, 56, 

Ross et al vs. Burkhardt Milling and 
Electric Power Company, 219. 

State Journal Printing Company 
vs. Madison G^-s and Electric 
Company, 54, 162. 

Stevens Point Lighting Company 
case, 159. 

Superior Commercial Club vs. 
Duluth Street Railway Com- 
pany, 90. 

Public Service Commission law of New 
York on franchise capitalization, 
69. 

Public Service concerns, competition 
among, 149. 


Public Service control, attitude of the 
Public Service Commissions, 150. 
California State Constitution, 145. 
cooperation between commissions and 
owner, 150 

Interstate Commerce Commission, 
145 * 

Massachusetts methods, 145 
methods in other states, 147. 

New York methods, 147 
Wisconsin methods, 147*, 148. 

{see Public Utilities). 

Pubhc service property, unlimited life 
of {see Unlimited life), 35, 132 

Public utilities, competition among, 149. 
control and regulation, 2, 142. 

Public utilities, defined in California 
Public Utility Act, 146. 
definition, 30. 
excessive profits, 142. 
historical survey by Prof. J. H. Gray, 
3 

other property values affected, 151. 
public contribution to revenue of, 152. 
quasi-public character, 140. 
regulation, 141, 142. 
regulation essential, 143. 
unearned increment applied, 70. 
what they are entitled to, 3. 

Railroad overhead expenses, 52. 

Table i. State of Michigan, 53. 

Table i. State of Washington, 53. 

Rates, cost of service as a modifier of, 
153 - 

frequent changes undesirable, 141. 
regulation, provisions of California 
State Constitution, 146. 
right to regulate, 143. 

San Francisco Charter on fixing of, 
144. 

various factors involved, 160. 

Rate-base, appreciation to be included 
or not, 71, 74. 
definition, 30, 155. 

depreciation deducted and not de- 
ducted, 30, 129. 
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Rate-base, determination of, 156, 196 
effect of a bonus, 156 
factors to be considered in establisb- 

m , 157 

franchise and water-rights not a part, 
36 

franchise value, 162. 
general statement, 150 
investment, must be determined, 30, 
35 - 

J. W. Eshlenmt quoted, 157 

Wisconsin Railroad Commission 
quoted, 138, 158. 

without deduction of depreciation, 
103. 

ordinarily independent of market 
value, 197. 

relation of earnings and volume of 
business, 157, 161 

two procedures in determination, 129. 
various factors to be considered in 
determining, 160. 

with and without deduction of de- 
preciation, 129, 169 

Rate-fixing, book accounts under vari- 
ous methods, 175. 

comparison of various methods, 172, 
174, 175, 1S2. 
conflicting views, i. 
effect of the departure of actual from 
probable life, 172. 

Equal Annual Payment Method, 165. 
fairness the prime consideration, 163. 
possible methods of procedure, 163. 
preferable method of procedure, 163, 
procedure affects market value, 195 
Sinking Fund Method of deprecia- 
tion, 164, 167. 

Straight Line Method of deprecia- 
tion, 165. 

Unlimited Life Method, 166. 

Real Estate, admissibili|:y of evidence 
relating to value, 200. 
market value and the rate-base, 
197 - 

property retired from use, Interstate 
Commerce Commission Act, 232. 


Real Estate, right-of-way value, 206, 
207 

value in eminent domain proceedings. 
197 - 

Reasonable value (see Value), 

Reasonable cost, amortization of, 32. 

Regulation, essential that it be fair to 
owner, 143. 

of rates, California Constitution, 144. 
of rates, the demand for, 2. 
of rates, the fairness of, 143. 
the result of monopolistic character, 
142. 

Remaining life, definition (see Life), 21. 

Remaining service value, definition, 26. 

Remaining value, according to Law of 
Probabilities, Table 9, 119. 
definition, 20. 

Table 20, Expectancy and Remaining 
value, 288, 293. 

(see Value). 

Rental value, an aid in determining 
present value, 72, iSi. 

Replace, the obligation to, 24, 169, 188. 

Replacement, cost defined, 25. 
depreciation and amortization, 86. 
earnings apphed, 195. 
fund, accounting for, 35, 175. 
amount of money in, 94, 97, 169. 
mathematical determinations of, 
90, 96. 

owneris responsibility for, 35. 
purpose of, 127 

Table No. 2, Replacement fund, 94. 
Interstate Commerce Commission on 
accounting, 230. 

provisions for, distinct from amorti- 
zation, 2. 

requirements, according to law of 
probabilities, 120.. 
annual, definition, 24. 
annual, computations of annuity 
for, 120 

Comparison of methods of pro- 
cedure, Table 7, 115. 
current, definition, 24. 
determination of, 36, 99. 
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Replacement requirements, hypotheti- 
cal case in illustration, 98 
illustration with cast-iron pipe, 199 
in the case oi numerous articles, in 
provided for by alternate methods, 
102 

Table 4, Replacement Require- 
ments, 5 yr life, 112. 

Table 5, Replacement Require- 
ments, 10 yr life, 113. 

Table 6, Replacement Require- 
ments, 20 yr life, 114. 

Reservoir sites, effect of various factors 
on value, 223 

general statement as to land value, 
221. 

value multiple applied to land, 220. 

value in relation to water-right value, 
220. 

(see Watershed lands). 

Residual value, definition, 20 

Restricted franchise, intangible value 
under, 59. 

Return, company entitled to fair 
return, Smyth vs. Ames, 18. 

rate of, 160, 161 

rate of, on donated extensions, 14. 

Revenue cf public utilities contributed 
to by public, 152. 

Rickard, T. A., quoted on mming as a 
speculation, 254 

Right of way, use of the multiple, 203, 
20s, 207. 

value of, California Railroad Com- 
mission, 207. 

Minnesota Rate cases, 205. 

Risk, and insurance, Am. Soc. C. E. 
committee quoted, 50. 

and mining investments, 241, 242. 

(see Hazard). 

Royalty value in valuation of mines, 239. 

Sand filters, engineering expenses, 47. 

San Diego Land & Town Co. vs. Na- 
tional City (see Court cases). 

San Francisco charter provisions re- 
lating to rates, 144. 


Selling price, basis in industrial enter- 
prises, 6. 

Service, value of the, 33. 

Service value, definition, 25. 
remaining, definition, 25. 

Sinking Fund Method of rate-fixing, 
compared with Equal Annual 
Payment Method, 169. 
explained, 164 

Silver m the United States, production 
and price, Table 16, 260, 261. 

Smyth vs Ames, fair return upon value 
(see Court Cases) 

Springfield, Mass , engineering expenses 
in construction of Ludlow filters, 
47 

engineering expenses in construction 
of Water-works, 47. 

Starr ett, M G., quoted on overhead 
expenses, 55. 

State Journal Printing Company vs 
Madison Gas and Electric Com- 
pany (see Public Service Com- 
mission decisions) 

Stevens Point Lighting Company case, 
service and rates (see Public Serv- 
ice Commission decisions). 

Straight Line Method, 100, loi, 165. 

Strategic value, part of owner's reward, 

36. 

Strategic value of water-rights, 214. 

Superior Commercial Club vs Duluth 
Street Railway Company (see 
Public Service Commission de- 
cisions). 

Supply and demand controls value of 
property, 38. 

Supreme Court of United States (see 
Court cases). 

Tables, reference to tables in this 
volume, 7, 270. 

Taxation, appraisals for this purpose, 

138- 

of mines, conclusions relating thereto, 

ass- 

in various states and territories, 248. 



INDEX 


386 

Taxation, propriety of taxing mining 
property, 253. 

valuation of mineral properties for, 
247 

Taxes, interest and, Am. Soc. C. E. 
committee, 52. 

Term of the franchise, 67, 68. 

UgloWy W. L , method of valuing a 
mine, 249. 

Unearned increment, applied to Public 
Utilities, 70 
owner^s share in, 33. 

Unlimited life, explanation of, 132. 
method of procedure, 75, 166, 192. 
accounting principles applied, 233. 
advantages, 191. 
always applicable, 122 
obligation to replace, 188. 
of public service property, 35, 

{see Life). 

Unprofitable expenditures, 9. 

Unused property {see Property retired 
from use), 4, 80, Si. 

United States Supreme Court {see Court 
cases). 

Valuation, details of, 40. 

Equal Annual Payment Method 
applied, 165 

limitations on accuracy in case of 
mines, 237. 

methods applied to mines, 238. 
method applied to oil property, 255 
of mines for owner’s information, 246. 
of mines for purchase or sale, 124, 245. 
of mines for taxation purposes, 247. 
of mines for taxation in vanous locali- 
ties, 24S. 

purchase or sale, ii, 124. 
purposes of, 123. 

in the case of mineral properties, 237. 
Sinking Fimd Method applied, 164. 
Straight Line Method applied, 165* 
tabulation of field results, 194. 
Unlimited Life Method, 166. 

Value, admissible for special purpose as 
evidence,^ 200, 


Value, affected by earnings, 38. 
as basis for rates, 12. 
as basis for rates, discussed in Willcox 
vs. Consolidated GasCompany , 19. 
cost of physical elements as related 
to, 38, 30 

company entitled to fair return, 
Smyth vs. Ames, iS. 
deductions, 79- 
definition, 16 

definition, in Minnesota Rate cases, 
135 - 

definition of fair value, 17. 
definition of going value, 27. 
definition of going concern value, 27 
definition of intangible value, 26. 
definition of market value, 16. 
definition of remaining value, 20. 
defimtion of remaining service value, 
26. 

defimtion of residual value, 20. 
definition of wearing or service value, 
25 - 

determination, for capitalization, 139. 
determination, for taxation, 138 
discussed by Wisconsin Railroad 
Commission, 159. 
earnings as basis of, 150. 
elements, 124. 
essentials, 38. 
fair value as rate-base, 14. 
improper use of term, 134. 
in relation to investment, 35. 
investment should be less than value 
due to earnings, 35. 
intangible {see Intangible value), 26. 
irrigation water, 208. 

Knoxville case, a basis for rate-fixing, 
134- 

lessening of worth, 79. 

Minnesota Rate cases, defimtion, 135. 
fair value as the starting point, 18. 
the value multiple, 205. 
multiple in the case of real estate for 
special uses, 203, 205, 207, 220. 
net earnings as basis, 150. 
of real estate, 126. 
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Value of real estate, in eminent domain 
proceedings, 197. 

present, affected by expectancy, 105 
as starting point according to courts, 
18, 19 

as starting point in WiUcox vs Con- 
solidated Gas Company of New 
York, 19 

not desirable as starting point in fix- 
ing rates, 12 

remaining service, definition, 26 
strategic, a part of owner’s reward, 36 
supply and demand affects, 38. 
taxation, 138 
water-rights, 208 
wearing or service, 25. 

(see Market value). 

Value of stock affected by amortization, 

88 . 

Value, reasonable, San Diego Land & 
Town Co vs National City, 18. 

Volume of business should be considered, 
33 

Washington State Railroads, overhead 
cost items, 53 

Water power value, discussed by Wis- 
consin Railroad Commission, 218. 

Water-rights, free grants in Western 
states, 212. 

notes on Cahfomia values, 225. 
payment for, 208 

rate-base should not always include, 

36- 
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Water-rights, relation of value to cost 
of works, 213, 

strategic value, 214, 216. 

time element in valuing, 217. 

Water-right value, 10, 208, 209. 

California Railroad Commission de- 
cision, 2 1 1. 

determination of, 212. 

San Joaquin and Kings River Canal 
case, 209 

value of reservoir sites in relation to, 
220 

water power value discussed by Wis- 
consin Railroad Commission, 218. 

Watershed land, value of, 224. 

Watertown mechanical filters, engineer- 
ing expenses, 47. 

Wear and tear (see Depreciation), 24. 

Wearing or service value, definition, 25. 

WiUcox vs. Consolidated Gas Company 
of New York, present value as a 
basis for rate-fixing (see Court 
cases). 

Wisconsin law relating to discarded 
property, 84. 

Wisconsin Railroad Commission (see 
Public Service Commission de- 
cisions). 

Yonkers sand filters, engineering ex- 
penses, 47. 

Zinc in the United States, production 
and price, Table 18, 264, 265. 



